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QUALITY ASSURANCE PROJECT PLAN 
PRE-DESIGN PHASE 

WAUKEGAN HARBOR SITE 
WAUKEGAN, ILLINOIS 

1.0 PROJECT DESCRIPTION 

1.1 Introduction 

The purpose of the Quality Assurance Project Plan (QAPP) for the pre-design 
phase of the work (in the Work Plan), Appendix to the Consent Order, for 

the Waukegan Harbor Site (Site) in Waukegan, Illinois is to set forth the 
prime responsibilities and prescribe the necessary procedures required to 
assure that the project is executed in a manner consistent with the 
National Oil and Hazardous Substance Contingency Plan and with generally 
accepted and approved quality assurance objectives, that data generated is 
precise, accurate, representative, comparable, and complete, and that 
remedial action measures, specified in the work plan, will be completed as 
specified. 

This QAPP provides guidance and specifications to assure that: 

1. All field determinations and results regarding sampling and 
anailysis are valid through the implementation of preventive 
maintenance, equipment calibration, and approved analytical proto­
cols; 

2. Sampling Is conducted using sample tracking systems and chain-of-
custody procedures which properly identify samples being collected 
and control those samples from field collection through analysis 
and data reduction; 

3. Records are produced and retained as documentary evidence of the 

quality of samples collected and analyzed, the validity of applied 

procedures, and the completeness of the work performed; 
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4. Generated data is validated and appropriately used in calcula­
tions; 

5. Calculations, evaluations, and decisions completed or deduced 

during the execution of the pre-design phase are accurate, 

appropriate, and consistent with the objectives of this Plan; 

6. Construction activities are completed to the specifications 
described within this Plan. 

The requirements of this QAPP are applicable to the pre-design-activities 
of all participants in the remedial action at the Waukegan Harbbr site in 
Waukegan, Illinois. This QAPP will address all anticipated activities 
necessary to execute the Work Plan pr^-design activities as approved by the 
U.S. EPA. 

1.2 Project Summary: Waukegan Har^)or Site 

1.2.1 Project Background 

The Waukegan Harbor Site (Site) is located near the intersection of Grand 
Avenue and Sheridan Road on the west shore of Lake Michigan In Waukegan, 
Illinois, about 37 miles north of Chicago and 10 miles south of the 
Wisconsin state border. 

The presence of high levels of PCBs in soil and harbor sediments In the 
vicinity of the OMC plant was discovered in 1976. From 1962 to 1976, OMC 
used a hydraulic fluid in the die-casting works that contained PCBs. OMC 
has advised U.S. EPA that 10 to 15 percent of all PCBs purchased may have 
escaped through floor drains and past an oil interceptor system. The floor 
drains discharged to Waukegan Harbor and the North Ditch drainage. The 
harbor area discharge was located in the western end of Slip No. 3, and the 
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north property discharge was in the Crescent Ditch. No remediation of the 

site soils has occurred to this date. 

1.2.2 Project Objectives 

The objectives of this QAPP are to assure proper field and laboratory 

procedures are employed in implementation of the pre-design investigation 

set forth in the Work Plan. 

1.2.3 Major Task Summary 

1.2.3.1 Pre-Desion Work Plan 

Major activities to be undertaken during the coitrse of the pre-design phase 

of the Work Plan and addressed by this QAPP include the following: 

1. Soil sample collection and physical analysis; 

2. Installation of piezometers in the Silurian bedrock; 

3. Surveying of site features, including the location and elevation 

6f soil samples, ground water monitoring wells, sediment sampling 

locations, topographic contours of the ground surface, and 

piezometric contours of the ground water surface. 

1.2.4 Reoorts 

Quarterly status/progress reports will be prepared and submitted to U.S. 

EPA which sumnarize the results of all sampling and/or tests and present 

all other data generated during the preceeding quarter. Work Plan activi­

ties will be reviewed and the status of all pending or completed activities 

will be Indicated. Analytical and/or other documentation which support the 
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summaries presented in the quarterly reports will be available and fur­
nished to the U.S. EPA upon request. 

Periodically, Interim technical reports may be prepared to collate data and 
summarize the progress of the Work Plan, present conclusions affecting the 
scope or direction of continuing Work Plan activities. These reports will 
be scheduled and identified in the quarterly status/progress reports. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

2.1 Organization 

Quality assurance and control activities must occur at all levels of the 
organization in order to consistently produce effective and correct 
efficient solutions to a broad range of technical problems. The activities 
of the QAPP Team for the Work Plan must remain Independent of the 
activities of the project task force in order to assure that procedures and 
protocols outlined in the Work Plan are carried out in a manner consistent 
with U.S. EPA guidelines, 

2.2 Responsibility for Quality Assurance/Quality Control 

Responsibility for quality assurance and quality control depends upon the 
project organization assembled to execute the work and on the maintenance 
of the principle lines of cotimiunicatlon between members of the organiza­
tion. Figure 1 shows the proposed task force for the implementation of the 
Work Plan and the lines of communication between various key individuals. 
The responsibilities of the Canonie task force and related managerial 
departments are summarized below. 

2.2.1 Project Manager 

The project manager Is responsible for maintaining a clear definition of 

and adherence to the scope, schedule, and budget of the project. As a part 

of this responsiblTity, he will: 

1. Serve as the on-site coiranunicatlon link with the U.S. EPA; 
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2. Provide inonediate direction to staff involved In the completion of 

tasks outlined in the Work Plan; 

3. Supervise all work by Canonie and its subcontractors; 

4. Maintain budgetary and schedule surveillance of the work and 

regularly advise the Technical Project Director of the progress of 

the Work Plan. 

2.2.2 Technical Project Director 

The technical project director is responsible for the staffing ind overall 

administration of the project. As part of his QA/QC responsibilities, he 

will: 

1. Maintain the QAPP; 

2. Indicate the types of QA/QC records to be retained as a permanent 

part of the project file; 

3. Provide for QA/QC audits of the work of task force members; 

4. Approve reports and material for release to the U.S. EPA and lEPA, 

and other external organizations; 

5. Approve task plans and operating procedures related to the pro­

ject. 

2.2.3 Project Enoineer/ProJect Scientist 

The project engineer is responsible for the implementation of the Work Plan 

field activities, initial data acquisition, health and safety aspects of 
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field activities, and for the proper selection and execution of procedures 
which have been accepted for use in the Work Plan. As part of his QA/QC 
responsibilities, he will: 

1. Provide personal direction of technicians or subcontractors exe­
cuting Work Plan data gathering tasks and performing construction 
activities; 

2. Review the effectiveness of procedures and suggest changes which 
will enhance or more efficiently accomplish the objectives of the 
Work Plan; 

3. Assist in the collection of samples so that sampling remains 
representative of actual field conditions; 

4. Assist in the maintenance of budgetary and scheduling surveil­
lance; 

5. Administer the regular maintenance of equipment utilized in the 
Work Plan to prevent unnecessary equipment failures and project 
delays caused thereby. 

6. Assist in the preparation of reports, submittals, and presenta­
tions to assure that data and conclusions accurately reflect 
observed conditions In the field; 

2.2.4 Task Leaders 

The task leaders within the project task force are responsible for specific 
engineering, scientific, and analytical operations required to accomplish 
identified project objectives. As part of this responsibility, task lead­
ers will: 
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1. Initiate, develop, and check subtask plans, procedures, support 

services and products; 

2. Identify safety hazards and ensure that the associated risks are 
reduced to acceptable levels; 

3. Supervise and participate in operations, analyses, data collec­
tion, and data reduction; 

4. Maintain samples, sample identification, and analytical equipment; 

5. Generate required QA/QC records and reports; 

6. Implement corrective actions identified by QA/QC reports. 

2.2.5 Quality Review Team 

The Quality Reyiew Team reports directly to the corporate officer in 
charge. The team is responsible for on-going surveillance of project 
activities to ensure cbnformance to this Plan and to evaluate the effec­
tiveness of its requirements. The team has access to any Canonie personnel 
or project subcontractors, as necessary, to resolve quality assurance/qual­
ity control problems. The team has authority to recommend that work be 
stopped when the manner in which that work is being conducted appears to 
jeopardize project quality. As part of this responsibility, the team will: 

1. Monitor the correction of quality control problems, and alert 
other task leaders where similar problems may exist or might 
occur; 
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2. Report to the corporate officer in charge concerning the quality 
of the work, the procedures utilized, and the services provided In 
relation to the stated objectives of the project; 

3. Provide for retention of QA/QC records; 

4. Participate in QA/QC audits; 

5. Recommend changes, where appropriate, to improve the effectiveness 
of project procedures or the procedures Identified in this Plan; 

6. Review proposed additions and/or changes to this Plan. 

The Quality Review Team is directed by the Quality Assurance Coordinator, 
who is responsible for evaluating and approving Ibis Plan; scheduling and 
conducting quality assurance/quality control audits; providing QA/QC re­
ports to the corporate officer in ctlar*ge, the project manager, and the 
technical project director on the results of audits by the Quality Assur­
ance Team and the necessity of preventive or corrective actions; and devel­
oping and initiating preventative and corrective actions, as required, in 
conjunction with the project manager and technical project director. 

2.2.6 Support Departments 

Canonie's accounting department will be responsible for the financial 
administration of subcontracts, the control of the payment of invoices, and 
for overall budgetary matters. 

Canonie's technical support department will provide services in the areas 
of graphics, reproductions, word processing, data processing, and staffing. 
Canonie's soils laboratory will be the soils testing laboratory for the 
soil samples obtained during the pre-design work. 
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3.0 QUALITY ASSURANCE OBJECTIVES 

3.1 General 

The quality of measurements made and data acquired during the Work Plan 
process will be determined by the following characteristics: accuracy, 
precision, representativeness, completeness, and comparability. Specific 
objectives for each characteristic are established to develop sampling 
protocols and Identify applicable documentation, sample handling proce­
dures, and measurement system procedures. These objectives sire established 
based on site conditions, objectives of the project, and knowledge of 
available measurement systems. The subsequent iise of these measurements in 
calculations and evaluations is also subject tdvaspects of this Plan as 
described in the following sections. 

Canonie will collect all soil samples and direct all field measurements in 
completing the work presented in the Work Plan. Sample collection and 
field handling will b^ in accordance with the sampling and sample handling 
protocols established in this Plan. All soil samples will be analyzed at 
Canonie's soils laboratory, located in Porter, Indiana. The quality 
assurance program developed for and utilized at Canonie's analytical 
laboratory Is presented in Appendix A. 

3.2 Representativeness 

Measurements will be made so that analytical results are as representative 
of the actual field conditions as possible. Sampling protocols will be 
utilized to assure that samples collected are representative of the media 
present In the field. Sample handling protocols, including such tasks as 
storage, transportation, and preservation, will be used to protect the 
representativeness of the samples gathered during the project. Proper 
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documentation in the field and the laboratory will establish that protocols 
have been followed and that sample identification as well as integrity have 
been preserved. 

The field sampling program, presented in the Work Plan, describes the 
samples which are currently planned for collection, the location of the 
sampling, the types of samples to be collected, and the types and number of 
analyses to be performed on the samples. 

3.3 Precision and Accuracy 

Precision is the characteristic which reflects the ability to replicate a 
previously obtained value using identical testing procedures, while accu­
racy is the characteristic which reflects the ability to obtain a value 
which equals, or approaches within certain predetermined limits, the true 
value of a certain phenomenon. Each of these two characteristics are 
addressed in all data gathering and feporting conducted by Canonie. Data 
quality objectives for precision and accuracy are established for each 
major parameter to be iiieasured during the project. These objectives are 
based upon prior experiifence in executing remedial activities for wastes 
similar to those present or anticipated at this site, on prior knowledge of 
the capabilities of the measurement systcfm to be employed during activity 
at the site, and on the limitations which are presented in execution of the 
task. The precision and accuracy requirements for certain data gathering 
and reporting activities may vary based upon the anticipated use of the 
information. For example, the precision and accuracy requirements of data 
gathered during surveying to locate ground water monitoring wells will not 
be as strict as the requirements Imposed on analytical data, which is used 
to establish whether treated ground water is clean enough to discharge. 

In general* the precision and accuracy requirements for the Work Plan 
program will be met by assuring that at least ten percent of the samples 
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gathered for analytical evaluation in each matrix type (I.e., soil, water, 

etc.) during each sampling episode are duplicates, so that field precision 

may be evaluated. Since standard sampling procedures are stipulated for 

all sampling episodes, no additional duplicates are required due to changes 

in sampling team composition. In the laboratory, ten percent of the sam­

ples of each matrix will be analyzed as replicates to evaluate laboratory 

precision. Duplicate and replicate samples will be chosen at random, 

unless the criticalness of the sampling would suggest duplicate sampling or 

replicate sampling to be appropriate. 

Calculations performed with the data gathered or generated durlhg the 

project are also checked for accuracy by the task leader or his>des1gnee, 

and precision, i.e., the comparability of calculation techniques between 

various tasks, is assured through review by the i^uality assurance team. 

Accuracy of field measured pH will be evaluated through comparison of 

Instrument readings taken on standaird buffer solutions. Accuracy will be 

established by obtaining readings which do not vary from the standardized 

solution value by ± 0,05 pH units. Field measurements will be recorded to 

the nearest 0.05 pH units. 

Accuracy of the field conductivity meter will be assured by daily 

calibration verification with a standardized solution of potassium 

chloride, purchased from the manufacturer of the meter or from a laboratory 

chemical supply house. If instrument readings vary from the standardized 

value by more than five percent (5%), the conductivity meter will be 

recalibrated or replaced. 

Instruments which are factory calibrated will be considered accurate if the 

most recent calibration occurred within the previous 12-month period and 

the Instrument readings do not appear to be in obvious error. Measurement 
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precision for all field Instrumentation will be estimated by periodically 
(1 per 10 samples) completing duplicate testing of samples in the field. 

3.4 Completeness 

The characteristic of completeness Is a measure of the amount of valid data 
obtained compared to the amount that was specified to be obtained under 
normal conditions. The amount of valid data specified is established based 
on the measurements required to accomplish project objectives. The extent 
of completeness must be reviewed on a relative basis for sample collection 
activities, since the required amount of valid data anticipated prior to 
sampling episodes may not accurately define the amount of data necessary to 
render a correct decision. Completeness of data handling systems is 
described in Sections 9, 12, and 13. 

3.5 Comparability 

The characteristic of comparability reflects both internal consistency of 
data collected with r^gkrd to a single parameter and an expression of data 
in units which are consistent with the units which data, gathered by other 
organizations measuring the same parameter, are presented. Comparability 
of data gathering and measuring procedures should also be addressed If data 
gathered Is to be reliably compared. Thus, the characteristic of compara­
bility implies the personnel involved in data acquisition and reduction 
must operate measurement systems within the calibrated range of the parti­
cular instrument as well as utilize analytical methodologies which produce 
comparable results. 

When comparison of data sets indicates certain values within one or more 
sets are not consistent with the totality of the data acquired, these 
values, known as "outliers", must be reassessed prior to utilization In the 
decision-making process. Utilization of statistical analysis Is often 
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required to define whether the "outliers" represent significant values 

which require recognition in the decision-making process. 

3.6 Quality Assurance/Quality Control Objectives 

The QA/QC objectives for the pre-design Investigations are: 

1. To collect soil samples that are representative of the soil types 

present at the site; 

2. To determine the variation in the in-situ coefficient df permea­

bility of natural impermeable formations with depth; 5 

3. To collect, document, and prepare data for the final design activ­

ities that is accurate and reflects the variations likely In 

geologic materials. 
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4.0 PRE-DESIGN PROGRAM 

4.1 Field Sampling Program 

4.1.1 Introduction 

The specific tasks that comprise the Field Sampling Program and the steps 
to execute the tasks are described in Section 2.0 of the Work Plan. The 
purpose of this section is to define the minimum standards for performing 
the field activities of the Pre-Design Program. 

All drilling, soil sampling, and piezometer construction activities will be 
supervised by a qualified engineering or geologist. The engineer/geologist 
will summarize, daily on a field activity log, the progress made towards 
completing the activities in the Field Sampling Program. Also, any proce­
dures or materials that are not in Compliance with the Work Plan or QAPP 
will be documented and the corrective action taken will be noted. A daily 
field activity log is ̂ Included in Appendix B. 

4.1.2 Soil Sampling 

4.1.2.1 Standard Solit-Sooon Samples 

Standard split-spoon samples will be taken in accordance with the require­
ments of ASTM D-1586. A copy of the procedures is attached In Appendix C. 
The split-spoon may be driven a total of 24 inches at the discretion of the 
field engineer. If the split-spoon Is driven 24 Inches to maximize sample 
recovery, the second and third six-inch blow counts will be used to calcu­
late the penetration resistance (N). Boring logs will be maintained, by 
the field engineer, to record each sample taken. As a minimum, the follow­
ing Information will be recorded on the boring logs: 
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1. Sample number; 

2. Type of sampler; 

3. Sample interval (ft.); 

4. Blow count; 

5. Sample recovery; 

6. Preliminary USCS classification by visual inspection; 

7. Unconfined compressive strength (Qu), if sample is clay, as deter­

mined by a pocket penetrometer; 

8. Depth of contact between soil strata; 

9. Soil description and remarks. 

A copy of a boring log legend and boring log are Included in Appendix D. 

All soil recovered in the split-spoon will be retained in sealed glass 

jars. As a minimum, the top of the jar will be labeled, with indelible 

ink, with the following Information: 

1. Job number; 

2. Soil boring number; 

3. Sample number; 

4. Sample interval; 
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5. Number of jars containing sample (example: jar 1 of 3); 

6. Sample date. 

4.1.2.2 Pitcher Barrel Samples 

Pitcher barrel samples will be retrieved over 24-inch sample intervals. 

Shelby tube samples will be acceptable if the penetration resistance is 

less than 20 blows per foot or more than 18 Inches of undisturbed sample 

can be recovered. 

Once a sample has been taken and the tube removed from the pitdher barrel 

assembly, the ends of the tubes will be coated with non-shrinking wax. 

Plastic caps will be placed over the ends of the tube and taped in place. 

The tube wall and top cap will be labeled with the following Information as 

a minimum: 

1. Job number; 

2. Soil boring number; 

3. Sample number; 

4. Sample interval; 

5. Sample recovery (inches); 

6. Top of tube; 

7. Sample date. 
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The samples will be preserved and transported in accordance with 

ASTM D4220. Specifically, the samples will be kept in a vertical position 

and kept at a temperature between 40° F and 100* F until the tubes are 

shipped to the soils laboratory. A copy of ASTM D4220 Is Included in 

Appendix C. 

4.1.2.3 Harbor Sediment Samples 

Approximately 25 gallons of sediment will be obtained from various loca­

tions in the Upper Harbor and Slip No. 3. The sediment samples will be 

recovered using a sampler dredge similar to the sampler showriiT) Appendix 

E. Since the samples will not be subjected to chemical analysis, the 

sampler may be constructed of other materials approved by the field 

engineer. Special care will be taken to assure the samples retrieved are 

representative of the harbor sediments and the finer fraction is not washed 

out during sampling. If the finer fraction of the sediments is washed out, 

the sample will be returned to the harbor and another sample retrieved.. 

4.1.3 In-Situ Permeability Tests 

Two types of in-situ permeability tests will be performed in nine of the 

soil borings located on the slurry wall alignments. The first type will be 

designated as a vertical permeability test and the second type will be 

designated as a horizontal permeability test. The vertical test will 

utilize a pneumatically inflated seal (packer) located in the boring casing 

at a depth equal to the existing ground water level. The boring casing 

will be driven at least one foot into the clay till, the soil plug removed 

by rotary wash, and a permeability test conducted by pressurizing the water 

inside the casing and measuring the flow of water into the borehole. The 

measured permeability will be representative of the vertical coefficient of 

permeability. The laboratory permeability tests performed on pitcher 

nvironmental 



Section: 4.0 
Revision No.: 
Date: August 4, 1988 
Page: 19 

barrel samples will be compared to the field permeability tests from this 

method. 

The horizontal test method will place the pneumatically operated seal 

(packer) in the bottom of the casing with an extending unlined borehole 

approximately three (3) feet below the end of the casing. After the packer 

is Inflated inside the casing, the three foot test cavity will be 

pressurized and flow measurements recorded. The measured permeability will 

be representative of the horizontal coefficient of permeability. The 

horizontal test is the best available method for measuring the in-situ 

horizontal permeability. 

Three borings along the slurry wall alignments will be selected for each of 

the three containment areas for the permeability tests. The vertical 

permeability test will be performed in one boring for each containment 

area, and the horizontal permeability test will be performed In two borings 

for each containment area. The field permeability data obtained from each 

boring will be used to design the depth of the slurry wall penetration into 

the underlying clay till such that the flow of water beneath the wall is 

less than or equal to the flow of water through the slurry wall. 

The procedure for drilling the soil borings and performing the in-situ 

permeability tests is as follows: 

For the horizontal test; 

1. The borings will be advanced from the ground surface to the 

surface of the clay till by rotary wash drilling In a 6-Inch 

diameter casing. Standard split-spoon samples will be recovered 

at 5-foot intervals. 
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2. HW steel casing (4-inch I.D.) will be lowered Into the hole and 

driven at least one-foot into the till to assure an adequate seal 

is obtained between the till and the casing. 

3. The drilling fluid will be flushed from the 4-inch casing with 

potable water. 

4. The boring will be advanced by rotary wash methods with a 2-15/16 

inch diameter tricone roller bit reaming the borehole remaining 

after each split spoon sample. Split-spoon samples will be 

obtained continuously through the clay till. 

5. When the desired test cavity length (3 feet) is obtained, the 

borehole will be flushed with potable|water to remove s11t and 

sediments. 

6. The packer assembly will be set in the hole such that the packer 

remains in the 4-Inch casing but is at the end of the casing and 

the unlined soil borehole creates the test cavity. The packer is 

then inflated to seal the test zone. 

7. The testing apparatus will consist of a pressurized reservoir of 

water capable of maintaining a constant pressure in the test 

cavity, while measuring the flow of water through the test cavity. 

8. The test cavity pressures will be calculated to prevent 

hydrofracturing of the clay till as follows: 

•̂ max " ''o "̂  ''allow ^ \ 
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Where: 

''max ° Maximum Test Cavity Pressure 

P » Hydraulic Pressure due to the Static Water Level 

''allow' Excess hydraulic pressure allowed due to the weight of 
overburden (0.5 psi per foot of depth to test section) 

H. >> Friction head losses in the test apparatus valves and 

piping 

Example: 

Assume: H. » 0, no friction head lossei due to valves and piping. 

Given: 

Depth to"ground water = 5 feet 

Depth to tbp of clay = 25 feet 
Depth to bottom of test cavity = 29 feet 

PQ » (29-5) X (62.4 pcf/144 in^/ft^) = 10.4 psi 

''allow " °'^ P̂ /̂̂ ^ ^ ^^ ^ -̂ ° i ^ ^^^ 

P =24.9 psi max pa I 

Use 24 psi for testing. 

9. The horizontal permeability test will be run at 1/2 P̂ ĵ jj, 3/4 

Pmax» ''max, ̂ Z* P^ax* ""̂  ̂ /̂  P„,^ to allow hydraulic pressures tt 
dissipate uniformly and check for problems with the packer seal. 
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The flow into the test cavity will be recorded at 5-minute 
Intervals. After one hour, if the flow rate over the last three 
(3) successive 5-m1nute intervals varies by less than 10 percent 
the test at that pressure is complete. If not, the test will 
continue until the flow rate over three (3) successive 5-m1nute 
intervals varies by less than 10 percent. The data is recorded on 
a field permeability test form attached in Appendix J. 

10. The pressure versus flow is plotted to check for evidence of 
problems such as leakage around the packer, erosion of the test 
zone, and clogging of fissures. A high quality tesi Will produce 
a linear relationship of pressure to flow with little difference 
between the pressurization toward P^av a"*' depressurization away 

^^°""'max-

11. The horizontal permeability is calculated as shown in Appendix J 
on Figure 8-10, 

12. If the horizontal permeability for the first 3-foot test section 
is equal to or less than 1 x 10~ cm/sec, then no additional 
permeability tests will be performed in that boring. The packers 
and permeability apparatus will be removed and the borehole will 
be drilled and sampled to completion (20-foot penetration jnto the 
clay till or as required). 

13. If the horizontal permeability in the test section is greater than 

I x 10' cm/sec, then the field engineer will determine, as 

discussed in the Work Plan, if the measured horizontal 

permeability combined with the measured vertical permeability 

provides a barrier to flow equivalent to the 3-foot wide slurry 

Wall. 
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14. If the field engineer's determination Indicates the in-situ soil 
in the first test section does not provide an adequate flow 
barrier, the boring will be advanced one-foot and the packer and 
permeability apparatus replaced. The permeability test will be 
repeated as before after recalculating P^^^ for the new test 
section. 

15. The boring will be advanced in one foot Increments and the 
permeability test repeated until the field engineer determines, as 
discussed in the Work Plan, the horizontal and vertical 
permeabilities in the in-situ soils will provide a barrier to flow 
that is equivalent to the 3-foot slurry wall. 

16. The borehole will be backfilled by tre^jie grouting with cement/ 

bentonite grout before removing the casings. 

For the vertical permeability test; 

1. The borings Viill be advanced from the ground surface to the 
surface of the clay till by rotary wash drilling in a 6-inch-
diameter casing. Standard split-spoon samples will be recovered 
at 5-foot intervals. 

2. HW steel casing (4-inch I.D.) will be lowered into the hole and 
driven at least one foot into the till to assure an adequate seal 
Is obtained between the till and the casing. The HW casing will 
consist of a single piece of pipe with no joints below the ground 
water level and a beveled end for driving into the clayey till. 

3. The drilling fluid will be flushed from the 4-inch casing with 

potable water and the clay plug will be removed by rotary wash 
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drilling. The water will be pumped or bailed from the casing to 

within two feet above the existing ground water level. 

4. The single packer assembly will be set in the 4-Inch casing such 

that the packer is at the existing ground water level. The packer 

is then Inflated to seal the casing. 

5. The testing apparatus will consist of a pressurized reservoir of 

water capable of maintaining a constant pressure in the test 

cavity while measuring the vertical flow of water through the soil 

plug in the bottom of the casing. 

6. The test cavity pressures will be calculated to prevent 

hydrofracturing as follows: 

''max " ''o + ''allow ^ "L 

Where: P-,,,, = Maximum test cavity pressure 

PQ ;̂ *̂̂^ pressure due to static water level 

P-,,^* Excess hydraulic pressure allowed due to weight of 

overburden (0.5 psi per foot of depth to test 

section) 

H. ° Friction head losses in test apparatus valves and 

piping 

Example: 

Assume: H. » 0, no friction head losses due to valves and piping 
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Given: 

Depth to ground water = 5 feet 

Depth to top of clay = 25 feet 

Depth to bottom of casing = 26 feet 

PQ = (26-5) X (62.4 pcf/144 in^ft^) = 9.2 psi 

Pallow = °-^ P^^/^^ ^ ^^ ^^ ' - 1 ^ P^^ 
''max =22.1 psi 

CAUTION: Because the packer is set at the ground water level,P^ is 

already applied to the test cavity. 

Therefore, the testing apparatus gauges only need to record the 

Pallow ^^^ calculations for permeability however are dependent on 
P '̂ max* 

7. The single packer permeability test will be run at 1/2 (Pai-igw "*" 

" D , 3/4 IPaiiow + " L ) ' ''allow \ \ * ^ 4 (P^n.^ + H^). 1/2 
(P.-j-j + H.) to allow hydraulic pressures to dissipate uniformly 

and check for problems with the packer seals or casing seal. The 

flow into the test cavity will be recorded at 5-m1nute intervals. 

After one hour, if the flow rate over the last three (3) 

successive 5-m1nute intervals varies by less than 10 percent the 

test at that pressure is complete. If not, the test will continue 

until the flow rate over three (3) successive 5-minute intervals 

varies by less than 10 percent. The data is recorded on a field 

permeability test form attached in Appendix J. 

8. The pressure versus flow is plotted to check for evidence of 

problems such as leakage around the packer, erosion of soil 

through the test zone, and clogging of fissures. A high quality 
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test will produce a linear relationship of pressure to flow with 

little difference between the pressurization toward PJIIQW "•• \ 

and depressurization away from PJIIQ^^ + Hj^. 

9. The vertical permeability is calculated as shown in Appendix J on 

Figure 8-11 and will be compared to the laboratory permeability 

test results on pitcher barrel samples. 

10. The boring will be completed with continuous split-spoon sampling 

to the specified depth of penetration into the clay till. Between 

samples the borehole will be reamed with a 2-15/16 ihch diameter 

tricone roller bit. 

11. The borehole will be backfilled by trefnie grouting with cement/ 

bentonite grout after removing the casings. 

4.1.4 Rock Core Drilling 

All rock coring will be performed with an NX (2-5/32 in.) diamond tip core 

barrel assembly. The iroCk coring will be performed in accordance with the 

requirements of ASTM 0-2113. A copy of the specification is attached in 

Appendix C. All recovered cores will be placed in commercial plastic, 

cardboard, or shop-made wooden boxes, and the beginning and end of each 

core run will be properly marked with the blocks provided. Rock core logs 

will be maintained by the field engineer to record each core obtained. As 

a minimum the following information will be recorded on the core log: 

1. Sample number; 

2. Length of core run; 

3. Core size; 
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4. Coring pressure (PSI); 

5. Rate of core advance ( f t . /m in . ) ; 

6. Percent core recovery; 

7 . RQD; 

8. Number of fractures per foot; 

9. Bedding; 

10. Hardness; 

11. Description of rock core. 

A copy of a rock core legend and rock core log are included in Appendix F. 

4.1.5 Piezometers 

The installation procedures for piezometers are described in the Work Plan. 
Therefore^ only material requirements will be described in this section. 

The Installation of each piezometer will be logged on an observation well 
diagram. All well construction information will be recorded to the nearest 
tenth of a foot. A copy of a blank observation well diagram and ai typical 
well detail diagram are included in Appendix G. 
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4.1.5.1 Piezometers in Silurian Bedrock 

4.1.5.1.1 PVC Screens 

Piezometer screens will be machine-slotted, one-inch-diameter Schedule 80 

PVC, with at least three rows of slots. The slot openings will be 

.01 inches for all piezometers. The screen section will be threaded for 

attachment to the riser pipe and the bottom of the screen will be provided 

with a threaded PVC plug. The screen and 10 feet of riser pipe above the 

screen zone will be free of ink and any other markings. 

4.1.5.1.2 PVC Riser Pipe 

Riser pipe for the piezometers will consist ofiSchedule 80 PVC pipe meeting 

ASTM D-1785 with flush joint threads. A copy of the specification Is 

included in Appendix C. 

4.1.5.1.3 Sand Pack 

Sand pack is the material placed in the annular space around the well 

screen. The pack shall be uniformly graded sand or gravel, comprised of 

hard, durable particles which have been washed with potable water and 

screened. The sizing of the particles shall be determined by the soil type 

encountered in the zone to be monitored. The particle size of the pack 

shall be at least 4 times the D15 size (15 percent of the soil Is finer 

than this dimension) of the soil in the monitored zone and shall be no more 

than 4 times the D85 size (85 percent of the soil Is finer than this 

dimension) of the soil in the monitored zone. The sand pack shall be free 

of all organic matter and shall not contain detectable concentrations of 

any chemical constituents. The sand pack shall be furnished in unopened 

bags or pails. 
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4.1.5.1.4 Bentonite Seals 

A bentonite seal is used In the annular space above the piezometer screen. 
The bentonite seal will consist of Volclay grout. Volclay grout Is a high 
solid bentonite based clay grout. The grout will be placed using the 
tremie method. The Volclay grout will consist of the following 
proportions: 

1. 52 pounds of Volclay grout (Includes 2 pounds of initiator); 

2. 24.4 gallons of fresh water. 

The Volclay grout will be provided to the job site in full, unopened bags. 
The Volclay grout, initiator, and water will bemixed to a uniform 
consistency, free of lumps. A mud balance test itfill be run on each batch 
prior to placement, and the slurry weight must achieve a minimum of 
9.4 pounds per gallon at time of placement. The grout will be Installed by 
the tremie method. 

4.1.5.1.5 Concrete 

Concrete is required for capping the annular space in piezometers and 

simultaneously providing a solid base for supporting the piezometer riser 

pipe protective cover. 

Concrete shall be provided to the job site in full, unopened bags such as 
Sakrete, or in a premixed state from a local concrete supplier. 
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4:1.5.1.6 Placement of Protective Cover 

A carbon steel pipe, having an inside diameter of at least 1.33 times the 

outside diameter of the piezometer's riser pipe, shall be set concentri­

cally around the riser pipe and into the concrete cap. The bottom of the 

well protector shall be submerged at least three feet into the concrete, 

and shall extend at least six inches above the top of the riser pipe. The 

concrete which is forced out of the borehole duo to the placement of the 

well protector shall be carefully removed so as to prevent "mushrooming" of 

the concrete at the ground surface, which tends to promote lifting of the 

well casing and the well protector during frost heave conditlbris. The well 

protector shall be maintained plumb and concentric with the risier pipe 

until the concrete has set. Temporary braces may be required to maintain 

the well protector in the proper vertical position. A locking cap shall be 

secured to the top of the well protector pipe to prevent unauthorized entry 

into the well. 

4.1.5.2 Piezometers in Shallow Aquifers 

4.1.5.2.1 PVC Screens 

The material requirements for PVC screen in shallow aquifer piezometers is 

the same as for the piezometers in Silurian bedrock. Section 4.1.5.1.1. 

4.1.5.2.2 PVC Riser Pipe 

Riser pipe for the piezometers will consist of Schedule 80 PVC pipe meeting 

ASTM D-1785 with flush joint threads. A copy of the specification is 

Included In Appendix C. 
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4.1.5.2.3 Sand Pack 

The material requirements for sand packs in shallow aquifer piezometers are 

the same as for the piezometers in Silurian bedrock. Section 4.1.5.1.3. 

The shallow aquifer sand may be used for the sand pack if the engineer 

determines that it is acceptable. 

4.1.5.2.4 Concrete 

The material requirements for concrete in shallow aquifer piieicimeters is 

the same as for the piezometers in Silurian bedrock. Section 4.1.5.1.5. 

4.1.5.2.5 Placement of Protective Cover 

The requirements for placement of protective cover in shallow aquifer 

piezometers is the same as for the piezometers in Silurian bedrock, Section 

4.1.5.1.6. 

4.1.6 Developing Existing Monitoring Wells 

4.1.6.1 gleaning of Equipment and Material 

All pumps to be used in development, purging, or pumping of wells at the 

site shall be steam cleaned and all wetted parts, hoses, and valves flushed 

thoroughly with water from the source approved by the field engineer. Pumps 

which leak or otherwise may Introduce chemical constituents Into the well, 

sampled water, or aquifer shall not be used. Electrical lines to submersi­

ble pumps shall meet all applicable electrical code standards. Electrical 

lines to submersible pumps may be attached to the discharge pipe or hose of 

the pump by stainless steel or plastic fasteners which grip by means of a 
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mechanical action only. No electrical tape shall be used to attach elec­
trical lines to the discharge pipe or hose. 

Compressors utilized in the development, purging, or pumping of wells at 
the site shall be equipped with an operable oil trap and in-line air fil­
ter. The oil trap and filter shall be checked by the field engineer prior 
to each day's use. The oil trap and filter must be capable of removing 
entrained oil from the compressed air to prevent Introduction of chemical 
constituents into the sample water or the ground water. 

If bladder pumps are utilized and powered by compressed nitrbi^en, the 
nitrogen gas shall be pressure regulated at the tank and shall pass through 
an in-line oil trap and filter before it enters the well or pump. The 
source of nitrogen gas shall be indicated in the daily log for the site 
activities. 

4.1.6.2 Existing Well Development 

Existing monitoring W^lls shall be developed, by pumping or other means of 
evacuating the well caling, in order to remove the sediments within the 
casing, any trapped soil fines in the gravel pack and soil formation Just 
outside the pack and to produce a representative sample of the water in the 
formation. 

Well development may be accomplished through the use of submersible, blad­
der, jet, or suction pumps. Pumps must be fully operational, meet appli­
cable electrical or other code provisions, and must be thoroughly cleaned 
in accordance with procedures set forth in Section 4.1.6.1. Pump capacity 
shall be rated at three to five gallons per minute. Pumps shall be operated 
to remove water from the well casing continuously for at least five minutes 
without pumping the well dry. As an alternative to jpumplng, an air lift 
may be utilized to evacuate and surge the well. Where the nature of the 
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formation or recharge to the well makes development of the well infeasible 

using pumps, bailers may be utilized. 

Well development shall continue until representative formation water is 

obtained. Representative formation water shall be defined as water which 

is generally free of sediment, and has a stable pH, temperature, and speci­

fic conductivity when measured within a period of ten minutes. In general, 

well development shall proceed for at least two hours, unless prior experi­

ence suggests that a shorter well development period results in the produc­

tion of formation water which is representative. Well development water 

will be discharged onto the ground near the well. 

4.1.7 Cement/Bentonite Grout 

Cement/bentonite grout is required for backfilling completed soil borings. 

The grout will consist of the following proportions per bag of Portland 

cement: 

1. 7.3 gallons of clean water; 

2. 4.0 pounds of sodium bentonite powder; 

3. 94 pounds of Type I Portland cement. 

The cement and bentonite will be provided to the job site in full, unopened 

bags. The bentonite powder and water will be mixed first. Cement will not 

be added to the mixture until the bentonite and water is mixed to a uniform 

consistency, free of lumps. At the discretion of the field engineer, the 

amount of cement can be Increased. The grout will be Installed by the 

tremie method. 
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4.2 Laboratory Testing Program 

The specific tests that comprise the laboratory testing program and the 
number of tests required is described in Section 2.2 of the Work Plan. The 
purpose of this section is to define the standards to which each laboratory 
test will comply. 

All laboratory testing will be supervised by a qualified engineer. Care 
will be taken in handling all samples so that the Integrity of the sample 
is not damaged. When obtaining a sample of harbor sediments, from the 
sample container, special care will be taken to assure that the finer 
fraction of the sediments is included in the sample. 

4.2.1 Moisture Content Analysis 

All moisture content analysis will ine performed in accordance with 
ASTM D2216. All data will be recorded on appropriate laboratory forms. A 
copy of ASTM 2216 and a laboratory form are Included in Appendices C and H, 
respectively. 

4.2.2 Mechanical Sieve Analysis 

All mechariical sieve analysis will be performed in accordance with 
ASTM D422. Hydrometer analysis will not be performed as part of a mechani­
cal sieve analysis. All data will be recorded on appropriate laboratory 
forms and summarized on semi-logarithmic grain-size curves. A copy of ASTM 
D422, a laboratory form, and grain-size curve are included in Appendices C, 
H, and H, respectively. 
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4.2.3 No. 200 Sieve Wash 

The amount of material that is finer than a No. 200 sieve will be deter­

mined in accordance with ASTM D1140. All data will be recorded on appro­

priate laboratory forms. A copy of ASTM D1140 and a laboratory form are 

included in Appendices C and H, respectively. 

4.2.4 Standard Proctor Test 

All standard Proctor tests will be performed in accordance with ASTM D698. 

Care will be taken to assure that each layer, in the test, 1$ comprised of 

the same amount of soil and the same compactive effort is applied to each 

layer. All laboratory data will be recorded on appropriate laboratory 

forms. A copy of ASTM 0698 and a laboratory fbfm are Included in 

Appendices C and H, respectively. 

4.2.5 Consolidation Tests 

All consolidation tests tfi11 be performed in accordance with ASTM D2435. 

The consolidation apparatus will be located in the lab so that disturbance 

due to vibration, movement of laboratory personnel, etc. is minimized. All 

consolidaition data will be recorded on appropriate laboratory forms. A 

copy of ASTM D2435 and laboratory forms Is Included in Appendices C and H, 

respectively. 

4.2.6 Atterberg Limits 

All Atterberg limits tests will be performed in accordance with ASTM 04318. 

All test data will be recorded on appropriate forms. A copy of ASTM D4318 

and laboratory forms are included in Appendices C and H, respectively. 
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4.2.7 Permeabllitv/Compatibility Test 

The constant head permeability test for fixed-soil samples will be per­

formed in a modified triaxial consolidation apparatus. For this method, a 

flexible rubber membrane encloses the soil sample. Water is pressurized on 

the outside of the flexible membrane to hold the membrane against the side 

of the soil sample. Water from the site is Introduced under pressure at 

the bottom of the sample and allowed to move vertically through the sample 

until full saturation is achieved. A copy of the triaxial cell permeabil­

ity log sheet and calculation sheet are included in Appendix H. 

The procedure for the permeability test is as follows: 

1. The length and diameter of the sample % measured both before and 

after the testing for permeability. 

2. The sample is enclosed within a synthetic flexible membrane with a 

porous stone on both the top and the bottom ends. 

3. Drain lines ar^ attached to both the top and bottom caps and the 

Jtriaxial cell is assembled. The annul us between the cell wall and 

le is flooded with de-aired tap water. 

4. Both the inflow and outflow measuring burettes and their attaching 

lines are filled with the water being utilized. 

5. The cell pressure (pressure confining the soil sample within the 

rubber jacket) is increased slowly to 40 psig. The pressures on 

the Influent and effluent burettes are then set to create a dif­

ferential pressure across the sample. The Influent burette pres­

sure Is set at 35 psig and the effluent pressure is set at 
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15 psig, creating a differential pressure across the sample of 

20 psig. This Is equivalent to 46 feet of water pressure. 

6. The flow In and out of the sample Is monitored on a daily basis. 
The samples will be tested for a period adequate to displace one 
to three sample pore volumes. 

7. The permeability is calculated from the dimensions, pressure 
differential, and the flow rates for each sample. 

The permeability for each sample is determined from Darcy's 1ai>!( for steady-
state laminar flow. The rearrangement of Darcy's law used to calculate the 
permeabilities of the sample is: 

k = q l/(hA) 

Where: k = permeability (cm/set) 
q » flow rate (cm /sec) 
1 = leriit*i:(cm) 

h = presstire differential (cm) 
A = total cross sectional area of the sample that is perpen-

dicular to the flow (cm ) 

The permeability values are plotted as a function of the displaced pore 
volumes. Examination of the relationship between permeability and pore 
volume displacement is the basis for determination of the compatibility of 
the soil/bentonite backfill, and natural soils with on-site ground water 
and with water that Is in contact with PCB sediments. 
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The permeability tests for the pitcher barrel samples and recompacted clay 
samples will be performed as above, but different pressures will be used. 
The cell pressure will be 52 psig, the Influent pressure will be 50 psig, 
and the effluent pressure will be 30 psig. 
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5.0 CUSTODY OF SAMPLES 

An established program of sample chain-of-custody procedures, that is 

followed during sample collection and handling activities in both the field 

and laboratory operations, shall be established to assure that sample 

integrity is maintained and data generated through the analysis of the 

samples is applicable to evaluation of the site. The program is designed 

to assure that each sample is accounted for at all times. To maintain the 

highest degree of control in sample handling, preprinted labels will be 

utilized so that all necessary Information Is retained with th(| sample, and 

chain-of-custody records and shipping manifests will be employed to 

maintain control over access to and destination of samples after shipment 

from the location of sample collection. Additionally, proper completion of 

field sample logs, accession books, tracking sheets, and extraction logs by 

appropriate field and laboratory personnel will provide for thorough 

monitoring of the samples from collection through analysis and final report 

generation. 

The sample identification, custody, and monitoring procedures shall assure 

that: 

1. All samples collected are uniquely labeled for identification 

purposes throughout the analytical process; 

2. Samples are correctly analyzed and that results are traceable to 

field records; 

3. Important sample characteristics are preserved; 

4. Samples are protected from loss, damage, or tampering; 
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5. Any alteration of samples (e.g., filtration, preservation, or 
damage due to shipment or other processes) is documented; 

6. A record of sample integrity and analytical fate is established 
for legal purposes. 

5.1 Sample Monitoring Forms 

The use of the indicated forms listed above accomplishes one or more of the 
specific objectives of sample custody, identification, or control. The use 
of each of the listed formis is discussed below. 

5.1.1 Sample Log 

The sample log is completed in the field by the ̂ ^ndividual physically in 
charge of the sample collection. Jhe sample log correlates the assigned 
sample bottle designation to a spec^^ic well or sample location or other 
distinguishing feature or attribute (I.e., dunrny sample, replicate sample, 
purge evaluation sampl;|e| etc.). The sample log also contains information 
concerning day and timi of sampling, type, location, and depth for wells, 
water depth in the well, purge volume, purge water temperature, pH, and 
conduct1%|t:| as a function of time, procedures utilized to preserve the 
sample for analysis, and the sequence In which sampling was completed. 
Other relevant information, such as weather conditions, may also be 
included. 

5.1.2 Chain-of-Custodv Record 

The chain-of-custody record is completed in the field by the individual 
physically In charge of the sample collection. The chain-of-ciistody record 
may be completed contemporaneously with the sample log or prior to the 
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shipment of samples to the laboratory. The chain-of-custody record con­
tains Information on the date of sample collection, the sampler, the pro­
ject name and number, laboratory project number, the number of containers 
of each sample being shipped, and an Itemization of the analyses requested 
for each sample together with any remarks about the sample prior to ship­
ment. The chain-of-custody record is enclosed with the samples after it 
has been signed by the sampler. The record is then signed each time pos­
session of the samples changes, with the signature of the person relin­
quishing and receiving the sample, as well as the time of exchange being 
indicated on the record. A sample copy of a chain-of-custody form is set 
forth on Attachment III of Appendix A. 

5.1.3 Accession Book 

the accession book is maintained at the receiving analytical laboratory by 
the sample custodian. When samples^^^ from the field, each container 
is assigned a laboratory number whiiph-ls then logged into the accession 
book. Other Important information entered into the accession book Includes 
the name of the sh1pp1||gixfirm or person who delivered the samples to the 
laboratory, the date received and the individual taking custody, the 
centalner.size and any comments related to possible mishandling, abuse or 
obvious (iamaî e to the shipping container or contents, the name of the 
client, the date and time of sample collection, the samplers initials, and 
the site from which the samples originated. The accession book becomes the 
permanent record of all samples received by the laboratory for analysis. A 
sample page from the accession book is presented on Attachment V of 
Appendix A. 

5.1.4 Tracking Sheets 

The tracking sheets are developed at the time the samples are logged Into 
the accession book. Each sample received at the analytical laboratory has 
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its own unique tracking sheet. The tracking sheet contains the date the 
sample was taken, received by the laboratory, prepared for analysis, and 
finally analyzed. Results of analysis as well as dilution of the sample or 
any other conditions used are also noted. Tracking sheets are utilized for 
presumptive as well as confirming analysis. Final reports are generated 
from the information on the tracking sheets. The tracking sheet for each 
sample, as well as any notes, chromotographic charts, and atomic absorption 
printouts are permanently filed in the records of the laboratory. A sample 
tracking sheet is presented on Attachment IV of Appendix A. 

5.1.5 Extraction Log 

Various types of analyses require that sample ê ictractlon and subsequent 
volume reduction occur. Each sample which undifgoes this process is 
recorded in the extraction log with Information bn all conditions which 
existed during the creation of theffinal extract. Typical Information 
includes the sample number, 1nit1al|>ii!î lume, final volume, date the extrac­
tion/volume reduction was produced, analyst performing the work, the meth­
odology utilized, and^ahy comments about the nature of the sample. The 
extraction log is a permanent record maintained by the analytical 
laboratory. 

The flow of samples and analytical data within the Canonie analytical 
laboratory is illustrated on Figure 3. Omitted for clarity are procedures 
which Involve calibration of instrumentation for each analytical run and 
verification of instrument detection limits, which are conducted on a 
quarterly basis; 

5.2 Reagent Documentation 

Written documentation of reagents utilized in the analytical laboratory is 
maintained in a reagent record book. Information maintained Includes the 
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date the stock Is made, the analyst preparing the stock, the weight or 
volume of all materials used in the creation of the stock, the source of 
the chemical, and the source lot number. The record Includes information 
for stock standards, intermediate stock, and quality assurance stock. U.S. 
EPA protocols shall be followed in the creation and testing of all stock. 
All stock bottles are clearly labeled with the exact contents of the 
bottle, the concentration, the date of creation, the expiration date, and 
the analyst who created the stock. Reagents are stored at conditions 
appropriate for each stock, and are discarded after standard permissible 
holding times have been exceeded or if contamination or decomposition of 
the stock is evident. 

For general inorganic analysis. Analytical Reagent (AR) grade reagents are 
utilized. Metal analysis performed via atomicKisorption spectroscopy 
employs reagents and solvents of spectroquality.1 For organic analysis, the 
minimum purity shall be AR grade, .for high pressure liquid chromatography 
(HPLC), HPLC grade solvents shall b0'ieiised. Where requested analysis 
requires more stringent grades of reagents, those reagents shall be 
utilized. All base ŝ t>i|k for the creation of reagents in the laboratory 
are purchased from reputable suppliers and are of the requisite standard 
purity. T)rpicai commercial suppliers which may be used for the purchase of 
base stbdifc il]nd standards include Supelco and Chem Service, along with 
Foxboro, i: T. Baker, Fisher Scientific, Aldrich, and American Scientific. 
Several sources are used so that a contamination or defect in one source 
can be detected, by comparison against another source, before a great deal 
of false analytical results are reviewed and published. The use of 
multiple source in stocking the laboratory's chemical needs, therefore, 
promotes additional quality assurance throughout the analytical process. 
Stock and standard solutions are tracked in a manner Illustrated on the 
forms presented as Attachments VII, VIM, and IX of Appendix A. 
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5.3 Packing and Shipping 

In addition to sample collection and preservation requirements, especially 
the maintenance of sample temperature at 4 degrees C until extraction or 
analysis, samples should be packed and shipped properly to maintain the 
health and safety of sample transporters. Guidelines for packing and 
shipping of samples are included in Appendix I. 
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6.0 CALIBRATION PROCEDURES AND FREQUENCY 

6.1 Calibration Procedures for Laboratory Equipment 

Equipment shall be calibrated In accordance with procedures presented in 

the appropriate ASTM specifications. 

6.2 Calibration Procedures and Frequency for Field Instruments 

Equipment utilized in the field shall be calibrated prior to each day's 
use. The procedures for each piece of equipment which will be utilized are 
set forth below. If other instruments are used, the manufacturer's 
calibration procedures shall be followed. 

6.2.1 Thermometer 

Using a National Bureau of Standards-approved thermometer, iiranerse both the 
field thermometer and liSi-approved thermometer into a beaker of water and 
note any differences for the field probe. 

Recalibrate the field probe as necessary. 

6.2.2 Specific Conductance Meter 

Calibrate meter and probe using the calibration control and the conductance 

calibration line on the meter dial or a standard solution of known conduct­

ance. 

Turn the function switch to read conductivity x 10 and then depress the 
cell test button, noting the deflection. If the needle falls more than two 
percent of the reading, clean the probe and retest. 
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Using at least two potassium chloride buffer solutions which will most 
likely bracket the range of expected conductivity, note accuracy of the 
meter and probe and clean probe if necessary. 

6.2.3 PH Meter 

Place electrodes and the manufacturer's supplied buffer solutions in a 
water bath at the temperature of the water to be sampled. After tempera­
ture equilibrium has been established, measure the temperature and adjust 
the temperature compensation knob for the temperature indicated. 

If refillable electrode probes are used, remove the electrode d p and check 
that probe solution is above the full mark. 

Immerse the probe in the pH 7 buffer solution and adjust the calibration 

control to read pH 7. 

Remove the probe, rinse with distilled water and then immerse in either the 

pH 4 or pH 10 buffer splution, depending on the expected pH of the sample 

solution. 

If the pH jneter does not register the correct pH for the buffer solution 
tested, adjust the calibration knob on the back of the instrument so that 
the meter reads the correct pH as defined by the buffer solution tested. 

After rinsing the probe, Insert the probe into the sample to be tested and 

allow the probe to come to equilibrium with the sample water prior to 

recording the readout. 
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7.0 ANALYTICAL PROCEDURES 

7.1 Selection of Parameters 

The selection of parameters for the project is made through an evaluation 
of existing data and an analysis of data needs with respect to the project 
objectives. The parameters of interest are designated In the pre-design 
phase of the Work Plan, and particular parameters to be addressed in each 
sample are noted. 

7.2 Selection of Procedures 

m 
Procedures to be utilized in accomplishing the activity described in the 
pre-design phase of the Work Plan shall be in accordance with methods, 
protocols, and procedures set forth in Test Methods for Evaluating Solid 
Waste, Physical/Chemical Methods, SWj846. Method 8080, U.S. Environmental 
Protection Agency, 1982, Methods for Organic Chemical Analysis of Municipal 
and Industrial Wastewater, PB83-201796, Method 608, U.S. Environmental 
Protection Agency, Cincinnati, Ohio, 1982, and relevant materials testing 
methods approved by the American Society of Testing and Materials (ASTM), 
Including the following listed here that are Included in Appendix C: 

( • 

ASTM D1586 Method for Penetration Test and Split-Barrel Sampling of 

Soils 
ASTM D4220 Practices for Preserving and Transporting Soil Samples 
ASTM D2113 Practice for Diamond Core Drilling for Site Investigation 
ASTM D1785 Specification for Polyvinyl Chloride (PVC) Plastic Pipe, 

Schedules 40, 80, and 120 
ASTM D2216 Method for Laboratory Determination of Water (Moisture) 

Content of Soil, Rock, and Soil-Aggregate Mixtures 
ASTM D422 Method for Particle-Size Analysis of Soils 
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ASTM D1140 Method for Amount of Material In Soils Finer than the 
No. 200 (75-um) Sieve 

ASTM 0698 Methods for Moisture-Density Relations of Soils and Soil-
Aggregate Mixtures Using 5.5-lb. (2.49-kg) Rammer and 12-
1n. (305-mm) Drop 

ASTM 02435 Method for One-Dimensional Consolidation Properties of 
Soils 

ASTM D4318 Method for Liquid Limit, Plastic Limit, and Plasticity 
Index of Soils 
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING 

Data reduction is the process of converting measurement system outputs to 
an expression of the parameter which is consistent with the comparability 
objective identified in Section 3.5 of this plan. Calculations completed 
during data reduction of analytical results shall be in accordance with 
approved U.S. EPA analytical methods and procedures. 

Field data collection and validation will follow the process illustrated on 
Figure 2. Once the data is obtained, it is reviewed and assessed for 
overall adequacy by the Operations Coordinator. If it is determined that 
the initial data collection activity, or a portion thereof, did not provide 
adequate data, the activity will be repeated. 

Calculations performed during data reduction shall be reviewed by the 
chemist performing the analysis, by|the engineer/scientist/technician 
collecting data in the field, or by the engineer/scientist evaluating data 
in the laboratory, priflĵ ; to the release of any data reporting, thus 
assuring that reporting errors are kept to a minimum. Laboratory review of 
data reduction is Illustrated on Figure 3. 

Analytical results reported for each sample shall be verified to assure 
proper identification by comparing the original sample collection logs with 
the chain-of-custody forms and the various laboratory log books. Based 
upon the results of this validation procedure, the laboratory shall certify 
that the results are in compliance with the quality assurance objectives 
for accuracy and precision. Upon certification by the laboratory manager, 
the reported values shall be received and reviewed by the technical staff 
and the Quality Assurance Coordinator, if deemed necessary. Analytical 
data shall be presented in a format Illustrated by Figure 4. 

nvironmental 
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Field or analytical data entered into the corporate computer database for 
storage, analysis, or report generation, shall be initially submitted to 
the Manager of Data Processing, or his designee. Data submitted for entry 
has been checked and verified by the engineer, scientist, chemist, or 
technician as being accurate and complete, and meeting the quality 
assurance criteria established for the phase of work in which the data was 
developed. Data is then entered into the computer by data entry operators 
using standardized entry forms developed especially for the type of data 
under consideration. 

After entry of the data into the computer, a hard copy printout of the data 
is generated and the printout is compared directly with the ori^iinal data 
sheets. A data entry operator who was not Involved in the original entry 
of the data to the computer reviews the hardcopy printout. Each entry is 
reviewed, and inaccurate entries are highlighted; After review Is com­
plete, the hardcopy printout is returned to the original data entry opera­
tor and the noted inaccuracies are qprrected. A final printout of the data 
is generated by the computer and the corrected version of the database is 
reviewed. After all cqirrectlons have been made to the database, the origi­
nal data sheets are stamped "POSTED", and filed in the office's central 
file. 

Data, information, or designs, submitted to the drafting department for 
development, are initially prepared by the engineer or scientist charged 
with the responsibility for creation of a graphical representation. The 
sketch or graphic representation is then reviewed by the engineer or scien­
tist originating the material and the chief draftsman for format, Intent, 
and consistency with prior work. The drawing Is then assigned a unique 
project drawing number, the number and title of the drawing Is entered into 
the drafting department log, and a draftsman Is assigned to formally devel­
op the drawing. After completing the initial presentation of the drawing, 
a paper check print Is produced for review by the originating engineer or 
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scientist. All information on the check print is reviewed and approved 
information Is highlighted with a yellow highlighter marker, while Incor­
rect Information, changes, or additions are noted in red ink. The check 
print is then returned to the draftsman for correction, and a final check 
print is Issued for review. Upon approval of the final check print, the 
originating engineer or scientist signs and dates the mylar original. The 
drawing is then reviewed by the task leader or project manager for consis­
tency with project objectives, and then the task leader or project manager 
signs and dates the original mylar. 

Revisions to previously approved mylar drawings are submitted to the draft­
ing department on paper prints of the original mylar. Revisions are made 
to the mylar, with a review process occurring as noted above for original 
work. When the revisions are finally approved, a notation of the revision 
scope is noted in the margin of the drawing, and the dated, revised drawing 
is then signed by the Individual approving the revision as presented. 
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9.0 INTERNAL QUALITY CONTROL ANALYTICAL LABORATORY 

This section is included for analysis of PCBs for the water treatment 

assessment. The internal quality control standards for the laboratory are 

presented in Appendix A. The following sections from Appendix A are 

appropriate and relevant for the laboratory analytical work for the pre-

design phase. 

Section 1 

Section 2 

Section 4 

Section 5 

Section 6 

Section 7 

Section 8 

Section 9 

Section 10 

Section 11 

Section 12 

Introduction 

Personnel 

Sample Custody 

Calibration and Maintenance Procedures 

Pages 16, 24, 25, 26, and 28 

Analytical Procedures, Page 37 

Pata Review and Reporting 

i|Liatl1ty Control 

Establishment of Acceptable Limits 

Acceptance Criteria and Problems 

Analysis of External Reference Samples 

Review of Analytical Results by the 

Quality Assurance Officer 
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10.0 AUDITS 

Quality assurance audits are performed to assure and document that quality 
control measures are being utilized to provide data,of acceptable quality 
and that subsequent calculations. Interpretation, and other project outputs 
are checked and validated. The quality assurance coordinator or a member 
of the quality assurance review team will visit the site periodically and 
unannounced to assure that the designated control procedures set forth in 
this document are practiced. 

At least one system and performance audits may be conducted by the Quality 

Assurance Coordinator. The Quality Review Team will conduct project audits 

of calculations, interpretations, and reports Wjhich are based on the 

measurement system outputs. 

10.1 Systems Audit 

At least one systems audit may be conducted on all components of 

measurement systems toid^termine proper iselection and utilization. The 

systems audit shall include evaluation of both field and laboratory 

procedures. 

10.1.1 Organization and Personnel 

The project organization is reviewed for compliance with the proposed 
organization and for clarity of assigned responsibility. Personnel 
assigned to the project will be reviewed to determine that assigned 
responsibility, skill, and training of the personnel are properly matched 
to the requirements of the project. The Technical Project Director will 
maintain firsthand knowledge of his/her team's capabilities and will 
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discuss the organization's efficiency with the Quality Assurance Coordi­

nator. Assigned personnel may be Interviewed by the Quality Assurance 

Coordinator during an audit. 

10.1.2 Facilities and Equipment 

The audit will address whether field tools, analytical Instruments, and 

construction equipment selected and meet the requirements specified by the 

project objectives stated in this Plan and other project work plans. 

Equipment and facilities provided for personnel health and safety will also 

be evaluated. 

10.1.3 Analytical Methodology 

Routine external performance evaluations as well as blind internal perfor­

mance evaluations will be conducted jn accordance with standard procedures 

of the U.S. EPA. A review of analytical methodology in regard to the data 

requirements for the project will also be performed. An on-site observa­

tion of analyst techniqiie, data reduction, and recordkeeping may be per­

formed if determined necessary. Periodic review of the precision and 

accuracy of data shall also be performed. 

10.1.4 Sampling and Sample Handling Procedure 

An audit of scheduled samples versus samples collected versus samples 

received for analysis shall be performed. Field documentation will be 

reviewed. If deemed necessary, a site visit will be made to assure that 

designated control procedures are practiced during sampling activities. 
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10.1.5 Data Handling 

During a systems audit, the Quality Assurance Coordinator will review data 
handling procedures with the Technical Project Director and Task Leaders. 
Accuracy, consistency, documentation, and appropriate selection of method­
ologies will be discussed. 

10.2 Performance Audit 

These audits are intended primarily for analytical and data generation 
systems. The laboratory will complete its own performance evaluations as 
discussed in Appendix A. 

10.3 Project Audit 

Project audits encompass the aspects of both the systems audit and the 
performance audit. The project audit typically occurs at least twice for a 
short-term project and more often during long-term projects. Timing is 
keyed to the systems involved and the project objectives. 

10.4 OA Aifdit Report 

A written report of the Quality Assurance audit may be prepared to include: 

1. An assessment of task force's status in each of the major project 
areas; 

2. Clear statements of areas requiring improvement or problems to be 
corrected. Recommendation and assistance will be provided regard­
ing proposed corrective actions or system improvements. If no 
action is required, the report will state that the QA audit was 
satisfactorily completed. 
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3. A timetable for any corrective action required; 

4. A follow-up to assure that recommendations have been Implemented. 
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11.0 PREVENTIVE MAINTENANCE 

Preventive maintenance of all field equipment proceeds routinely before 
each sampling event; more extensive maintenance is performed on the basis 
of hours in use. 

Laboratory equipment is maintained on a regular, scheduled basis. This 
maintenance is documented in the laboratory records book for each instru­
ment. Emergency repair or scheduled manufacturer's maintenance is provided 
under repair and maintenance contracts with factory representatives. 
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12.0 DATA ASSESSMENT 

The purpose of data quality assessment Is to assure that data generated 

under the program is accurate and consistent with project objectives. The 

quality of data will be assessed based on the precision, accuracy, consist­

ency, and completeness of the data that Is measured or generated. 

Data quality assessment will be conducted in three phases: 

12.1 Phase 1 

Prior to data collection, sampling and analytical procedures will be evalu­

ated in regard to their ability to generate the {appropriate technically 

acceptable information required to achieve projedt objectives. This Qual­

ity Assurance/Quality Control Plan meets this requirement by establishing 

project objectives defined in terms lof parameters, analytical methods, and 

required performance levels. 

12.2 Phase 2 

During daiLa Collection, results will be assessed to assure that the select­

ed procedum are efficient and effective, and that the data generated 

provides sufficient information to achieve project objectives. Precision 

and accuracy of measurement systems will also be evaluated. In general, 

evaluation of data will be based on performance audits and review of com­

pleteness objectives. 

Documentation will include: 

1, Number of replicate samples collected; 
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2. Number of replicate, spike, and field blank samples analyzed; 

3. Use of historical data and its reference; 

4. Identification of analytical method used; 

5. Evaluation of the data package, which will Include: 

0 Initial calibration and calibration verification. 

0 Continuing calibration verification after every 20 samples 

for elemental parameters and daily for semi-volatiles. 

0 Spiked sample analysis after every 10 samples for elemental 
parameters and after every 20 samples for semi-volatiles. 

0 10 percent preparation blank analysis. 

0 One duplicate sample analysis for î very 10 samples. 

The technical director of Canonie's0aboratory will be responsible for any 

additional evaluation required of analytical data packages. 

12.3 Phase 3 

Throughout t)ie data collection activities, an assessment of the adequacy of 

the database generated in regard to completing the project objectives will 

be undertaken. Recoiranendations for Improved quality control will be devel­

oped, if appropriate. In the event that data gaps are identified, the 

Quality Assurance Coordinator or Quality Review Team may recoiranend the 

collection of additional raw data to fully support the project's findings 

and recommendations. 
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13.0 CORRECTIVE ACTION 

Corrective or preventive action is required when potential or existing 
conditions are identified that may have an adverse Impact on data quantity 
or quality. Corrective action could be Immediate or long-term. In gene­
ral, any member of the program staff who identifies a condition adversely 
affecting quality can initiate corrective action by notifying in writing 
his or her supervisor and the Quality Assurance Coordinator. The written 
communication will identify the condition and explain how it may affect 
data quality or quantity. Corrective action in the field is the responsi­
bility of each individual of the on-site staff, with review of jprocedures 
to be used occurring prior to sampling episodes and a check of the proce­
dures implemented taking place after the sampling episode is completed. 

Corrective actions with regard to laboratory analyses are the responsibil­
ity of the designated laboratory. In general, situations which may require 
corrective action are identified through the analysis of travel blanks and 
blanks retained in thejaborat which would show any potential contami­
nation of samples by inicorrect laboratory preparation procedures or through 
the shipping phase, if it existed. These blanks are included In each 
sample set shipped to the laboratory, providing a constant check on these 
two potential sources of error. During analysis, the typical procedure 
which the chemist utilizes in testing the samples Involves the analysis of 
a laboratory blank, a calibration sample, a laboratory blank, several field 
samples, a live spike, a spiked laboratory blank, and several duplicates 
and/or replicates. Overall quality control in the laboratory is maintained 
by utilizing quality control standards which are prepared independently 
from calibration standards. Preparation of quality control standards may 
be by a chemist not directly Involved in the preparation of the calibration 
standards, by an outside laboratory, or by a manufacturer/supplier of 
laboratory supplies. The acceptance or rejection of analytical data is 
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contingent upon the results of analysis presented for the quality control 
and calibration standards. The plotting of quality control data on a chart 
allows for continued tracking of quality control procedures and results, 
with this information as well as all analytical results retained in the 
files for future reference and review. 

13.1 Immediate Corrective Action 

This type of corrective action is usually applied to spontaneous, non­
recurring problems, such as an instrument malfunction. The individual who 
detects or suspects nonconformance to previously established ^criteria or 
protocol in equipment, instruments, data, methods, etc., will iimediately 
notify his/her supervisor. The supervisor and the appropriate task leader 
will then investigate the extent of the problem and take the necessary 
corrective steps. If a large quantity of data lii affected, the task leader 
must prepare a memorandum to the Project Manager, the client, and the 
Quality Assurance Coordinator. These individuals will collectively decide 
on a course of action to correct the deficiencies while the project con­
tinues to proceed. IfCtihe problem is limited in scope, the Task Leader 
will decide on the corrective action measure, document the solution In the 
appropriate workbook, and notify the Project Manager, the client, and the 
Quality iAssuirance Coordinator in memorandum form. 

13.2 Long-term Corrective Action 

Long-term corrective action procedures are devised and implemented to 
prevent the recurrence of a potentially serious problem. The Quality 
Assurance Coordinator will be notified of the problem and will conduct an 
investigation to determine the severity and extent oiF the problem. The 
Quality Assurance Coordinator will then file a corrective action request 
with the Project Manager and Quality Review Team. In case of dispute 
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between the Quality Review Team and the Project Manager, the Responsible 
Corporate Officer will make a final determination for the company. 

Corrective actions may also be initiated as a result of other activities 
Including: 

0 Performance Audits; 
0 System Audits; 
0 Laboratory/field comparison studies; 

0 Quality Assurance/Quality Control program audits conducted by the 

Quality Review Team. 

The Quality Assurance Coordinator will be responsible for documenting all 
notifications, reconnnendatlons, and final decisions. The Project Manager 
and the Quality Assurance Coordinator will be Jointly responsible for 
notifying program staff and implementing the agreed upon course of action. 
The Quality Assurance Coordinator will be responsible for verifying the 
efficiency of the implemented actions. The development and implementation 
of preventative and corrective actions will be timed, to the extent pos­
sible, to minimize any Adverse impact on project schedules and subsequent 
data generation/processing activities. However, scheduling delays will not 
override the; decision to correct the data collection deficiencies or inac­
curacies before proceeding with additional data collection. The Quality 
Assurance Coordinator will also be responsible for developing and imple­
menting routine program controls to minimize the need for corrective 
action. 
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14.0 REPORTS TO MANAGEMENT 

Periodic summary reports will be prepared to Inform management of project 
status. The reports will Include: 

1. Periodic assessment of measurement data accuracy, precision, and 
completeness; 

2. Results of performance audits and/or systems audits; 

3. Significant Quality Assurance/Quality Control problems and recom­
mended solutions; 

4. Status of solutions to any problems previously identified. 

Additionally, any incidents requiring corrective action will be fully . 
documented. Procedurally, the Quality Assurance Coordinator will prepare 
the reports to management. These reports will be addressed to the Project 
Manager and the Quality Review Team. The summary of findings shall be 
factual, concise, and complete. Any required supporting information will 
be appended to the report. 
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1.0 INTRODUCTION 

The purpose of the following Quality Assurance (QA) and Quality Control (QC) 

program is to ensure that the data generated by Canonie Environmental Services 

Corp., (Canonie) are accurate, precise, and, if necessary, will provide a 

sound legal background for any enforcement activities. The QA/QC program 

utilized by Canonie is based on EPA and CLP criteria. 

The QA program is designed to ensure the reliability In the identification and 

measurement data. The QC program is designed to obtain prescribed standards 

of performance in the identification and measurement data. The above areas 

will be discussed in detail along with sampling, collection and preservation, 

sample control (log-in & storage), instrument calibration and maintenance, and 

analytical methodology. 
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2,0 LABORATORY PERSONNEL 

The QA/QC program is not only the responsibility of the laboratory manager, 

organic and inorganic supervisors, and the QA officer, it Is the 

responsibility of the entire Canonie Staff, 

Canonie prides Itself on the qualified personnel in its employ. As new 

personnel are hired, the same standards will apply. Personnel undergo a 

thorough and on-going training program, which Includes going to seminars and 

training courses covering instrumentation, analytical methodology, and 

sampling techniques. 

Weekly staff meetings are held to discuss new ideas, problems and their 

solution, and safety. Seminars are conducted periodically to allow everyone 

In the laboratory to become familiar in areas other than their expertise. 

The laboratory staff at Canonie is made up of 30 experience chemist, 

biologist, and technical assistant. A brief review of Canonie's personnel is 

given. A more complete resume is available upon request. 

Attachment I is the organizational chart for the laboratory. Each section has 

a section chief who is responsible for verifying all analytical work performed 

in that section. A quality assurance officer is responsible for the 

laboratory wide quality assurance program and directing corrective action as 

needed. 
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CANONIE ENVIRONMENTAL SERVICES CORP. 

Kenneth Wahli Project Manager; M.S. and B.S. Chemistry, 15 years 

laboratory experience in the toxicology and environmental 

areas. Responsible for the overall daily operations of the 

laboratory. 

Jon Bartell: Project Supervisor; B.S, Biology/Chemistry, Masters Business 

Administration, 17 years of laboratory experience. 

Responsible for marketing analytical and engineering 

services. Proficient in all areas of the laboratory with 

varied sample types. Including environmental and industrial 

processes. 

John Buerger: Project Supervisor; B.S. Chemistry/Biochemistry, 

Laboratory Operations Manager, 4 years Environmental 

Chemistry experience. Proficient in all areas of organic 

analyses, and computer automated systems. 

Jerry Martin: Project Scientist; GC/MS Supervisor; B.S. Environmental 

Science, 11 years laboratory experience, with 6 years GC/MS 

analysis and interpretation, including CLP samples and 

associated documentation. 

f 
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Roy Sloan: Project Scientist; Inorganic Supervisor; B.S, Chemistry, 10 

years laboratory and supervisory experience. Proficient in 

AAS, ICP, ion chromatography, and wet chemical analyses. 

Experienced in developing and maintaining inorganic quality 

assurance programs, 

Sharon Pierson: Assistant Project Scientist; Quality Assurance Officer, 

B.S. Biology, 5 years laboratory Experience, GC/MS 

Operator; 4 years in environmental laboratory. Experienced 

in GC purge and trap methods and Inorganic Chemistry. Also 

experienced in Worker Health and Safety, State and Federal 

Hazardous Waste Regulation. 

Arlen Neckels: Assistant Project Scientist; GC/MS VOA Operator; 23 years 

laboratory experience, 5 years in environmental laboratory. 

Experienced in GC, HPLC, AA, U.V. Spectrophotometry, Flame 

Photometry and Colorimetry. 

Michael Aseltine: Assistant Project Scientist; B.S, Biology, 4 1/2 years lab 

and field experience. Proficient 1n Gas Chromotagraph, 

specialty area in Volatile Organic Analysis. 

Jack Shimasaki: Assistant Project Scientist; Inorganic Supervisor, A.B. 

Chemistry. Over 25 years of laboratory experience 

including analysis of agriculturally related products. 

Specialty in Inorganic Analysis. 
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Jim Hoch: Assistant Project Scientist; Pesticide/Herbicide 

Specialist, B.S. Chemistry, 6 years research lab 

experience. Proficient in Capillary GC, HPLC, IR, UV, and 

FT-NMR, 

Donna Allsup: Chemist, Pesticide/Herbicide Specialist, B,S. Chemistry, 

Chemical Engineering (Drilling Fluids) 10 years laboratory 

experience, 5 years experience in marketing and management. 

Dale Gimble: Chemist, Pesticide/Herbicide Specialist, B.S, Biochemistry, 

4 years pesticide extraction experience. Gel Premeation 

Column experience, proficient in sample preparation and 

cleanup, 

Gail Adams: Chemist; B.S. Forensic Sciences/Chemistry, 4 years 

Laboratory experience. Experienced in Volatile Organic 

Analysis and Inorganic Analysis. Proficient in all aspects 

of VOA analysis, start-up and operation of the purge and 

trap and GC system. Experienced in the operation of an AA. 

Shakoora Azimi: Chemist; B.S. Chemistry and Biology, 3 years laboratory 

Experience in both inorganic preparation and all wet 

chemistry analysis. Proficient In all aspects of Volatile 

Organic Analysis and the operation of headspeace analyzers, 

purge and trap systems, and gas chromatographs. 

Mark Traxler: Chemist; B.S. Biochemistry, 7 years experience in 

Analytical chemistry, including 3 years with Canonie. 

Proficient in ICP, 6FAAS, AA, IC, UV-VIS and all other 

instruments involved in inorganic analysis of soils, waters 

and hazardous wastes. 
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3.0 SAMPLING PROCEDURES 

One of the most important things to keep in mind is that the Information 

obtained from the analysis of a sample is only as good as the sample Itself, 

The sample should be as close a representative of the actual site in question 

as possible. 

Canonie Environmental Services Corp, provides its own sampling service upon 

request, using techniques in accordance to EPA's "Characterization of 

J. Hazardous Waste Sites-A, Methods Manual: Volume II, Available Sampling 

Methods" and "Standard Methods". 

After sampling, the chemical and physical integrity of the sample must be 

maintained. Preservation of the sample is dependent upon the sample type and 

the required analysis. Usually keeping the sample on ice and sending It to 

the laboratory as soon as possible after sampling is sufficient. 

Table I lists the recommended sampling, preservation procedure, container, and 

sample volume. 
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T. 

ParaMUr 

ActdUy 

AUallnity 

AMonIa 

BOO 

Bactcrta 

Bicarbonate/Carbonate 

Bisron 

Broalde 

COO 

CaleriMtry 

Carbon dioxide 

Chloride 

Color 

Conductance 

Corretlvltjr 

Collection 
Technique 

Grab or 
Ca«posite 

Grab or 
Coapotitc 

Grab or 
Conposlte 

Grab only 

Grab only 

Grab only 

Grab or 
Coa^iotlte 

Grab or 
Conposlta 

Grab only 

Grab or 
Composite 

Grab only 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Container 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

••••* 

P.G 

G 

Volume 
(«1) 

100 

100 

400 

lono 

20b 

100 

100 

100 

50 

100 

100 

50 

50 

100 

1000 

Preservation 

Cool, 4 decrees C 

Cool. 4 degrees C 

H2S04 to pH <2 

Cool, 4 degrees, C 

Cool, 4 degrees C, 
10Z Na2S203. EDTA 

Determine onslte 

Cool, 4 decrees C 

None required 

H2S04 to pH <2: Cool 
4 degrees C 

Cool. 4 degrees C 

Cool. 4 degrees C 

None required 

Cool, 4 degrees C 

Cool, 4 degrees C 

Cool, 4 degrees C 

Holding Time 

14 days 

14 days 

28 days 

48 hours 

6 hours 

No holding 

7 days 

28 days 

28 days 

24 hours 

26 days 

48 hours 

28 days 

Method Technique 

Potentlometry 

Potentlometry 

Spectrophotometry 

Hembrane Electracle 

5 tube MPN 

Tltrlmetry 

Spectrophotometry 

Spectrophotometry 

Digestion 

Parr Bomb 

Tltrlmetry 

Tltrlmetry 

Visual Comparison 

Conductivity, Meter 

Corroslvlty toward 
Steel 

Method 

305.2 

310.1 

SM 417B 

40S.1 

SM 908 

ASTM D513C 

ASTM 30B2 

320.1 

410 

ASTM D513C 

325.3 

110.2 

120.1 

1110 

Detection 
Limit 

1.0 

1.0 

0.1 

1.0 

2.2 

5.0 

0.1 

1.0 

10. 

1.0 

1.0 

1.0 
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Tablt ^n ' t ) 

ParaMtar 

Cywide 

Fleorldo 

Hardness 

Na<a«alent Chromiua 

Hydroxide 

IgnitabilUy 
(Flash Point) 

Mauls Suspended 
(except Cr VI) 

NeUls. Dissolved 
(except Cr VI) 

Itotals. ToUl 
(except Cr VI) 

nitrate 

Mttrtu 

Nitrogen. Kjeldahl 
(total) 

Odor 

Oil 4 Grease 

Orgaalc Compounds 

Collection 
Technique 

Grab or 
Coaposlte 

Grab or 

Composite 

Grab or 
Compos l U 
Grab or 
Composite 

Grab or 
Composite 

Grab or 
Coaposlte 

Grab or 
Composite 

Crab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
CompeslU 

Grab or 
Composite 

Grab only 

Grab only 

Grab only 

Container 

P.G 

P 

P.G 

P.G 

P.G 

G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

G 

G 

6 

Volume 
(•1) 

500 

300 

100 

100 

100 

200 

1000 

1000 

1000 

100 

so 

500 

200 

1000 

3000 

Preservation 

NaOH to pH>12, 0.6g 
Ascorbic Acid 

Nona Required 

HN03 to pH <2 

Cool, 4 degrees C 

Cool, 4 degrees C 

Cool. 4 degrees C 

Filter onslte 

r t } U r onslte, MII03 
to pH <2 

HN03 te pH <2 

Cool. 4 degrees C 
H2S04 to pH < 2 

Cool, 4 degrees C 

HN03 te pH <2 

Cool, 4 degrees C 

Cool 4 degrees C 
H2S04 te pH <2 

Cool. 4 degrees C 

Holding Time 

14 days 

2B days 

6 months 

24 hours 

14 days 

6 months, except 
Hg~28 days 

6 months, except 
Hg~28 days 

6 months, except 
Hg—28 days 

48 hours 
28 days 

48 hours 

28 days 

24 hours 

28 days 

7 days 

Method Technique 

Distillation 

Specific Ion Electrode 

Tltrlmetry 

Spectrophotometry 

Tltrlmetry 

Closed Cap 

Atomic Absorption 

Atomic Absorption 

Atomic Absorption 

Spectrophotometry 

Spectrophotometry 

Distillation. 
Tltrlmetry 

Sensory Detection 

Extraction, 
Gravlmetry 

Gas Chromatography 

Method 

9010 

340.2 

130.2 

SM 312.3 

ASTM D 514 

1010 

200. 

200. 

200. 

353.3 

354.1 

351.3 

140.1 

413.1 

600 series 

Detection 
Limit 

0.02 

0.1 

1.0 

0.005 

1.0 

lr-55» 

i?!55» 

l?!55» 
0.05 

0.005 

0.1 

1.0 

1.0 

See pg 
27-52 
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Table • t ) 

Paramoter 

Organic Lead 

Oxygen (dissolvotf) 

Percent Nolstere 

pM 

Phosphates. Ortho 

Phosphorus, Total 

Salinity 

Silica 

Solids Totel 
Dissolved 

Solids Total 
Settleable 

Solids Totel 

Solids Totel 

Specific Gravity 

Sulfate 

Collection 
Technique 

Grab or 
Coaposlte 

Grab only 

Grab or 
Composite 

Grab only 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab or 
Composite 

Grab only 

Grab or 

Container 

G 

G 

P.G 

P.G 

P.G 

P.G 

P.G 

P 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

Volume 
(•1) 

1000 

300 

SO gms 

25 

SO 

SO 

500 

50 

100 

1000 

100 

100 

100 

50 

Preservation 

Cool. 

None 

Cool. 

None 

Cool. 

4 degrees C 

4 degrees C 

4 degrees C 

H2S04 to pH <2 

Cool, 

Cool. 

Cool. 

Cool. 

Cool, 

Cool. 

Hone 

Cool. 

4 degrees C 

4 degrees C 

4 degrees C 

4 degrees C 

4 degrees C 

4 degrees C 

4 degrees C 

Holding Tine 

Analyze Immediately 

Analyze Immediately 

48 hours 

28 days 

28 days 

28 days 

7 days 

48 hours 

7 days 

7 days 

28 days 

28 days 

Method Technique 

MIBX Extraction 

Haimbrane Electrode 

Oven drying 

pH Meter 

Spectrophotometry 

Spectrophotometry 

Hydrometer 

Spectrophotometry 
1 

Gravlmetry 

Gravlmetry 

Gravlmetry 

Gravlmetry 

Pycnometer 

Nephelometry 

Method 

360.1 

150.1 

365.2 

365.4 

SN2tO B 

370.1 

160.1 

160.5 

160.3 

160.2 

ASTM D1429 

375.4 

Detection 
Limit 

0.1 

— 

0.01 

0.01 

0.05 

1.0 

0.5 

1.0 

1.0 

— -

1.0 
Ccaiposlte 
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4.0 SAMPLE CUSTODY 

To meet the time constraints of each project and provide quality laboratory 

data requires careful coordination of the various laboratory activities. The 

main factors to be considered are: sample tracking from collection to the 

final report, sample preparation, and sample analysis time. 

By notifying the laboratory prior to sampling will guarantee that: 

1. By giving the laboratory prior notification of the number of 

samples and the sample matrix, the laboratory can schedule the work 

load accordingly. 

2. Enough sample is taken to complete all testing. 

3. The appropriate sample containers are used. 

A, Notification of Analysis 

1. A laboratory project number is assigned to the work requested. 

The number of samples are indicated on the project form, along 

with the sample matrix and the tests to be performed. Any 

other pertinent Information that may assist in the handling of 

the samples is also noted. (See Attachment II.) 
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2. If sample containers are to be provided by Canonie, the bottle 

request section is filled out which Indicates the number and 

type of container and where and when to send them. (See 

Attachment II.) 

3. Along with the sample containers, a chain-of-custody form 

(Attachment III) and sample labels are Included as a complete 

package. 

B. Sampling 

1. Collection and preservation of the sample in accordance to 

analysis protocol must be maintained. 

2. All information on the sample label should be completed. 

3. The sample origination should be noted so there is never any 

question regarding sample origin. 

4. The chain-of-custody should reflect the identification of the 

sample to appear on the final report, this can be up to 20 

characters per sample ID. 

5. Any unusal observations noted or problems encountered during 

sampling should be noted on the chain-of-custody form. 

-CanonieEnvironmental 
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C. Sample Receipt 

1. When samples arrive at Canonie Environmental Services Corp., 

the chain-of-custody form and the samples are removed from the 

shipping container. At this time, the sample custodian checks 

to ensure that all the samples listed on the chain-of-custody 

are present and in good condition. The condition of the samples 

are recorded on the custody form. 

2. Each sample container is given a unique six-digit laboratory 

ID number. The first number of the ID indicates the year in 

which the sample was received, i.e., samples received in 1986 

begin with the number 6. 

3. The sample custodian will then check to see if a laboratory 

project number has been assigned and that the Initial work 

request matches the chain-of-custody analysis request. 

4. The samples are then logged-in via computer which generates the 

sample tracking sheets (see Attachment IV) and the accession 

page (see Attachment V). 

5. After completing all of the above, the appropriate section 

chief receives the complete project folder which includes: 

a. A copy of the laboratory project work request form. 

b. The chain-of-custody. 

c. The sample tracking sheets. 

CanonieEnvironmental 
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D CANONIE ENVIRONMENTAL LABORATORY SAMPLE TRACKING SHEET 

CLIENT: 
PROJECT #: 

ANA^JI^ : 
M A | ^ ^ ^ 

D A ^ ^ ^ ^ LED: 
DA JVED: 
COST. 

COMMENTS: 

lAMPLE 
fOLPNGJ: 

LINE 1 
[AMPLE I.D.: 

.ABI.D.: 

JNITS: 

MDL 

^A m 

A m 

FINAL 
EXTRACT VOL: 

LINE 2 

DATE PREP'D: 

DATE ANAL: 

ANALYTEtS) 

. 

• 

. 

. • . 

LP#: 

SAMPLER ID : LAB. I D . CONTAINER 

COLUMN 

DATE 

DILUTION 

WORKER 

LAB I.D. 

FINAL 

• 

•' 

• 
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0> CanoMeEnvJionraeiiial ACCESSION 
LOG BOOK 

RECEIVED 
FROM 

DATE RECEIVED 
RECEIVER 

COMMENTS 

ANALYZED DISPOSED LABEL 
LAB. 

NUMBER 
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_ . I 
t i l M ^ i i r ; 

SAMPLE CONTROL 
RECORD 

REFRIGERATOR 

LABORATORY 
SAMPI F NUMBER 

ACCESSION 
BY: 

DATE AND TIME 
REMOVED 

• 

•REASON DATE AND TIME 
RETURNED 

— - • • • - -

•REASON CODE 
1 = INITIAL STORAGE 2 = SAMPLE PREPARATION 3 = SAMPLE ANALYSIS 4 = DISPOSAL 5 = OTHER (INCLUDE BRIEF STATEMENT) 
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6. The samples are then placed In a refrigerator and maintained at 

4^C, unless Immediate analysis or preservation is required. 

Should the samples require any special preservation, the 

custodian contacts the appropriate chemist in order to properly 

preserve the samples. The preservation performed on the 

samples is noted on the chain-of-custody form. 

7, The sample custodian is responsible for the removal of all 

samples from storage and for indicating the date they were 

removed in the sarple control book (See Attachment VI), 

D, Initiation of Analysis. 

The Section Chief reviews the paperwork for accuracy and 

completeness then divides the work up according to analysis type. 

Each chemist is responsible for ensuring that samples are extracted 

according to analysis protocol and in a timely fashion to complete 

the work by the project due date. 

CanonieEnvironmental 
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5.0 CALIBRATION AND MAINTENANCE PROCEDURES 

To assure the performance of the Instruments used by Canonie Environmental 

Services Corp., records are kept on any maintenance done, both preventative 

and necessary. The record contains the date, worker, problems (if any), 

maintenance performed, and the results. 

1. Gas and Liquid Chromatographs 

The chromatographs are calibrated daily for each analysis 

to be performed. Calibration is done upon initial start-up 

and is rechecked periodically during the day depending on 

the number of samples run through the Instrument. Calibration 

is done using a standard in the middle of the linear range for 

the instrument. As a general rule, after 10 samples are 

analyzed, the calibration curve is checked. Between 

calibrations, a QC sample is also monitored. 

Initial calibration of the instrument is based on a five-point 

curve. Once linearity has been demonstrated, a three-point 

curve is routinely analyzed. From the initial calibration, an 

average response factor (cone./area) is determined from the 

five points. This response factor is compared to the response 

factor generated from the daily calibration. The daily 

response factor should be within + 10% of the average response 

factor; if it lies outside these limits a three-point curve is 

performed. If linearity is not acheived, then actions are 

taken to rectify the situation. Depending on the particular 

instrument and detector, a variety of routine maintenance is 

required. 
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2. GC/MS Calibration 

Each GC/MS system must have the hardware tuned to meet the 

criteria listed in Exhibit E for a 50 ng injection of 

decafluorotriphenyl phosphine (DFTPP), for bromoflurobenzene 

(BFB). No sample analyses can begin until all these criteria 

are met. this criteria must be demonstrated each 12 hour 

shift. DEFTPP or BFB has to be Injected to meet this 

criterion. Post-acquisition manipulation of abundances is not 

acceptable. 

3. Atomic Absorption Spectrophotometer 

The atomic absorption spectrophotometer is calibrated using a 

minimum of 3 standards and a blank for each parameter to be 

analyzed. After 10 samples have been tested, the intermediate 

standard is rechecked. As long as the value for the interme­

diate standard is within + 10% of the known value, analysis 

continues. If the instrument has drifted, it is recalibrated 

using 3 standards and the samples previously analyzed are 

checked against the new calibration curve. 

For each analyte tested by atomic absorption spectrophotometer, 

the response factor (conc./abs.) for high and low levels are 

monitored. If the response factors deviate from the typical 

factors recorded, then a fresh standard is used. The physical 

adjustments are also checked, along with the lamp, and, in the 

case of graphite work, a new tube is put into operations. If 

this does not bring the response factor in line with those 

previously recorded, then maintenance is required. 
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4. Inductively Coupled Plasma Spectrometer 

Calibration 

Six solutions are used to calibrate and to verify the 

calibration of the ICP. These are (1) calibration blank 

solution (2) calibration standard solution* (3) initial 

calibration verification standard solution (4) interference 

check standard solution (5) linear check standard solution and 

(6) a quality control standard solution. The analytical curve 

Is generated by the calibration blank and the calibration 

standard solution. After generation of the analytical curve* 

the initial calibration verification standard solution Is 

analyzed. The recovery must be 90 to 110% of the expected 

value. The interference check standard is analyzed next. The 

recovery must be within a 40X window (80 to 120!l). The linear 

check standard is then analyzed. The value of this standard is 

at two times the detection limit. Next a quality control 

standard is analyzed. The standard is usual from an outside 

source (EPA and/or ERA). The recovery of the standard must be 

within 90 to 110% of the expected value. If any of the above 

given criteria for any standard falls the problem must be 

corrected and the Instrument recalibrated. 
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5. Analytical Balances 

Daily or with each use, whichever is less frequent, a single 

class S-weight, near the typical weighing range, is weighed and 

recorded in a bound notebook. Should the weight deviate from 

the true value by 0.5%, the balance is inspected and checked to 

see that the pan is clear of any obstructions. The weight is 

checked on a different balance to verify if the S-weight is in 

error. If the weight passes the check, the balance must be 

inspected by a certified technician. Annually, the balances at 

Canonie Environmental Services Corp. are inspected and 

certified as to their accuracy. 

6. Refrigerators 

Since most of the samples received by the laboratory have 

required temperatures for preservation, it is imperative that 

the true operating temperature be known. Therefore, the daily 

temperature of the refrigerators are recorded in bound 

notebooks. Should the refrigerators not meet the required 

temperatures, corrective measures are taken. 
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7. Ovens 

A daily temperature check is performed on ovens used for TSS 

and TDS analysis. Ovens not used for analysis purposes are 

monitored every 6 months to insure that the temperature range 

is accurate. 

8. , Thermometers 

All thermometers used by Canonie Environmental Services Corp. 

are calibrated against an NBS certified thermometer. Each 

thermometer has a unique identification tag in order to monitor 

its performance. Annually, the thermometers are checked for 

their accuracy by submerging them in three different 

temperature baths. Thermometers found to deviate more than 1 C 

for a given range are used for noncritical work, or discarded. 
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9. pH Meters 

Before using the pH meter, the probe is carefully examined for 

any physical damage. The pH meter is calibrated on a pH 7.0 

buffer solution and a pH 4.0 or pH 10.0, depending on the range 

to be monitored. A log book is maintained for the pH meter. 

10. Conductivity Meter 

Before using the meter, closely Inspect the condition of the 

electrode for any physical wear or damage. If the coating 

appears damaged, then the electrode should be replatinized 

according to manufacturer's guidelines. 

Periodically, the conductivity cell is checked over a range of 

at least 5 concentrations of KCl listed in table 205.1 of the 

16th edition of Standard Methods. 

11, Turbidimeter 

Daily or with each use, whichever is less frequent, a 4 NTU and 

a 40 NTU formazin standards are measured and recorded. 

Periodically, the turbidimeter is calibrated according to the 

method described in Standard Methods, 16th edition. Section 214 

• • • a . 
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12. Repeating Pipets 

Before delivering precise volumes, the pipets are checked for 

their accuracy by weighing water dispensed by five fill-and-

dispense cycles. Based on the weight of the pure water, the 

mean dispensed volume can be determined for the pipet. 

13. Glassware 

Before using.any glassware, check for any damage such as stars, 

cracks, or scratches. Laboratory glassware must be kept 

scrupulously clean to assure that there will be no 

contamination of samples or sample extracts. Depending on the 

eventual use of the glassware, several different cleaning 

methods are incorporated. 

a. Volatile Organic Analysis (VOA) 

Glassware used in VGA analysis are soaked in a tub of a 

cleaning solution containing no chlorines (Palmolive soap 

works well). The glassware is then washed in a sink using 

a fresh portion of the same detergent, then rinsed, first 

with tap water and then with organic pure water. The 

glassware is then transferred in to an oven and baked to 

ensure all volatile compounds are removed. 
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b. Organic Analysis 

The glassware Is first soaked in a dilute solution of 

Palmolive soap> rinsed* and then washed in a fresh soap 

solution. Next* a rinsing with tap water* followed by 

deionized water is performed. The glassware Is placed on a 

drying rack until dry. They are then rinsed with acetone* 

allowed to dry* the exposed ends are wrapped with tin foil* 

and then put away for future use. 

c. Inorganic Analysis 

The glassware Is first rinsed with a 1% solution of nitric 

acid. Next* they are washed using a phosphorous free 

detergent (Alconox)* and rinsed once using tap water. The 

glassware is then rinsed using deionized water* followed by 

a 1% solution of nitric add* and again with deionized 

water. They are then inverted on a rack until dry* and put 

in their proper storage area, 

14, All Other Equipment 

All other equipment is checked quarterly as to its general 

condition and for any physical damage. If any problems are 

noted* corrective actions are taken. 

15. Instrument Log Book 

A11 major instrumentation used at Canonie have an analysis log 

book. For every day that analysis Is performed on the 

instrument* the log book is filled in with the sample analysis 

list. This includes blanks* calibration standard* CC work* and 

the sample ID*s. 
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B. Preparation of Parent Solutions 

When making up the parent solutions, a log book is maintained 

to record all the necessary information. A code number (prefixed 

with a "P") is assigned to the parent solution, the date it was 

made, analyst, code numbers of the standard and reagent used, all 

weights and volumes used are recorded on the Parent Solution 

Preparation Log. (See Attachment VIII), A balance check is also 

performed at the same time. All parent solution bottles are 

labeled with the code number, exact contents, date made, solvent, 

analyst, expiration date, and a mark on the side of the label to 

indicate the solvent line. Each time a significant aliquot is 

removed, a new mark is placed on the label. This is done in order 

to determine if evaporation has occurred. 
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C. Preparation of Stock Standards and Quality Control Stock 

All compounds used in the preparation of stock standards or 

quality control stock by the laboratory are of a certified 

purity by the manufacturer. 

A log book is maintained when preparing a stock solution. The date 

prepared, analyst, code numbers of all standards or parent 

solutions used, amounts added, final volume, solvent code number, 

etc. are entered into the log book. (See Attachment IX). 

Commerically certified stock mixtures are also utilized by Canonie 

Environmental Services Corp. These stock mixtures are checked by 

analyzing quality assurance test samplies obtained for the EPA or 

ERA. 
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D. General Storage 

Proper storage of reference standards is an essential part of the 

analytical process. 

When a container is removed from storage, it should be allowed to 

come to room temperature before opening. The bottle cap should 

remain off only long enough to withdraw the amount needed. After 

use, the bottle should be returned to storage immediately. 

1. Purified Undiluted Standards 

Place purified standards in a container, preferably with 

desiccant, and stored in an explosion proof refrigerator. 

2. Concentrated "Stock" Solutions 

a. Stored at approximately 4°C, 

b. Replace stable compounds such as organochlorines and 

triazines after six months or when degradation is 

apparent, 

c. Replace compounds that degrade only at ambient 

temperatures after six months or when degradation is 

apparent. 

d. Monthly replacement for unstable compounds such as 

butylate, CDED, and disulfoton, 

e. Degradation studies are performed on DDT and Endrin in 

accordance to CLP protocol. 
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3. Dilute "Working" Solutions 

a. Store stable compounds in a refrigerator If not in 

dally use and reprepare by dilution of "stock" solution 

periodically. Replace sooner if solvent evaporation is 

evident. 

b. Stable solutions kept on lab benches should be replaced 

with fresh dilutions of "stock" after three months or with 

unopened standards from refrigerator storage. Replace 

sooner if solvent loss is evident. 

c. Compounds known to be unstable at ambient temperatures 

should be stored in a refrigerator between uses and 

replaced with fresh "stock" dilutions every two months. 

Replace sooner if solvent loss is evident. 

d. Unstable compounds should be stored In a refrigerator 

between used and replaced with fresh "stock" dilutions 

every week. 
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E. Solvent Monitoring 

Solvents used for Organic analysis are checked for their purity by 

concentrating 200 mis to 1 ml and injecting it onto the Instrument. 

Solvents showing interferences are not used for the analysis. 

F. Deionized Water 

Deionized water is produced on the premises. The resistivity is 

checked and recorded each time water is produced. Every three 

months the following tests are performed on the deionized water: 

pH, conductivity, silica content, total solids, and total organic 

carbon. The results from these tests are kept in a log book. 
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6.0 ANALYTICAL PROCEDURES 

Canonie Environmental Services Corp. uses only analytical methods and 

procedures that are approved by the USEPA, or other agency to which the 

customer is responsible. 

Most procedures utilized come directly from EPA/4-79-020 EPA "Methods for 

Chemical Analysis of Water and Wastewater," EPA SW-846 "Test Methods for 

Evaluating Solid Waste," and "Standard Methods for the Examination Water and 

Wastewater, 16th edition, 1985." 

The following tables list the more common methods utilized for water and 

soils, along with the typical detection limits reported by Canonie: 
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Analytes 

Bromod1chloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Oibromochloromethane 
1,2-Dichlorobenzene 
1,3-Olchlorobenzene 
1,4-D1chlorobenzene 
Oichlorodlfluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Oichloroethene 
trans-1,2-D1chloroethene 
1,2-01chloropropane 
cis-l,3-01chloropropene 
trans-1,3-D1chloropropene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
1,1,1-Trichloroethane 
1,1,2-Tri chloroethane 
Trlchioroethene 
Trichlorofluoromethane 
Vinyl chloride 
Methylene chloride 

• 

Table II 
Purgeable Halocarbons 

Section Mo. 6.0 
Revision No. 5 
Date 
Page 

Detection 

9/15/87 
30 

Limits 
Water (mg/l) Soil (mg/kg) 

0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
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Table II 
Purgeable Halocarbons 

Other analytes available upon request 
TTeon 
cis-l,2-Dlchloroethene 
EDB 

Water 
Analysis; Method 601 
Sampling container: Specially prepared 40 ml volatiles vials, taken in 
triplicate. 
Reference: Method for Organic Chemical Analysis of Municipal and Industrial 
Wastewater. PB8i-^Ul/98, Method bOl, U. S. Environmental Protection Agency, 
tincinnati, Ohio, July 1982. 

Soil 
Analysis; Method 8010 
Sampling Container; Air tight completely full brass tube, or 40 ml vial 
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical 
Methods. 
SW-846, Method 8010, U. S. Environmental Protection Agency, 1982. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Acceptable holding time to analysis: 14 days. 
Method of analysis: Gas Chromatography. 
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Purgeable Aromatics 
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Detection Limits 
Water (mg/l) Soil (mg/kg) 

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

Analytes 

Benzene 
Chlorobenzene 
1,2-01chlorobenzene 
1,3-Dlchlorobenzene 
1,4-01chlorobenzene 
Ethylbenzene 
Toluene 
Xylene 

Other analytes available upon request 
Acetone 
Isopropyl Alcohol 
Other Volatile Hydrocarbons (PID detector) 
Other Volatile Hydrocarbons (FID detector) 

Water 
Analysis: Method 602 
Sampling container: Specially prepared acidified 40 ml volatiles vials, 
taken in triplicate. 
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, PB8J-^UI/9B, Method bUZ and bdH, U. b. tnvironmental Protection 
Agency, Cincinnati, OH, July 1982. 

Soil 
Analysis: 
Samp11 

_ Method 8020 
ng container: Air tight completely full brass tube, or 40 ml vial 

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW-846. Method 8020, U. S. Environmental Protection Agency, Ti>82. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Acceptable holding time to analysis: 14 days. 
Method of analysis: Gas Chromatography 
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Phenols 
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Analytes 

4-Chlorb-3-methylphenol 
2-Chlorophenol 
2,4-Di chlorophenol 
2,4-Dimethylphenol 
2,4-Olnitrophenol 
2-Methy1-4,6-d1ni trophenol 
2-Nltrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 

Other analytes available upon request 
Tetrachlorophenol " 

Detection Limits 
Water (mg/l) Soil (mg/kg) 

0.001 
0.008 
0.008 
0.008 
0.005 
0.003 
0.005 
0.005 
0.005 
0.008 
0.001 

10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 

Method 604 
ng container: Specially prepared one liter bottle, taken in 

Water 
Analysis: 
Sampl i I 
triplicate. 
References: Methods ^or Organic Chemical Analysis of Municipal and 
Industrial Wastewater. PB83-Z01798, Method 604, U. S. Environmental 
Protection Agency, Cincinnati, OH, July 1982. 
Varian Liquid Chromatography Procedure #96, Determination of Trace Levels of 
Phenols In Water, Varian Instruments, Walnut Creek, California. 

Soil 
Analysis: Method 8040 
Sampling container: Specially prepared mason jar or brass tube (200 g. 
required). 
References: Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW-8At), wethod HU4U, u. s. tnvironmental Protection Agency, 1982. 
vanan Liquid chromatography Procedure #96, Determination of Trace Levels of 
Phenols in Water, Varian Instruments, Walnut Creek, California. 
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Table II 
Phenols 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Liquid and Gas Chromatography. 
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Table II 
Organochlorine Pesticides 

Analyte 

Aldrin 
Alpha-BHC 
Beta-BHC 
Oelta-BHC 
Gamma-BHC 
Chlordane 
A. 4'-ODD 
4,4'-DDE 
4,4'-DOT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

Other analytes available upon request 
UBCP ^ 
Methoxychlor 

Detection Limits 
Water (ug/1) Soil (mg/kg) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.5 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
5. 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.01 
0.01 
0.01 
0.01 
0.01 
0.05 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.5 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
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Table II 
Organochlorine Pesticides 

Water 
Analysis; Method 608 
Sampling container: Specially prepared one liter sample bottles, taken in 
triplicate. 
Reference: Method for Organic Chemical Analysis of Municipal and Industrial 
Wastewater. PB B3-ZU1/i^b. Method 608, U. S. Invironmental Protection Agency. 
Lincinnati. UH, July 1982, 

Soil 
Analysis; Method 8080 
Sampling container: Specially prepared mason jar or brass tube (200 g soil 
required). 
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 
SW-846, Method 8080. U. 5, Environmental Protection Agency, 1982, 

Shipping requirements: Packed in an Iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Gas Chromatography. 
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Analytes 

PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

Table II 
PCB's (Polychlorinated Biphenyls) 

Detection 
Water (ug/1) 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

1 L i n t s 
Soil (mg/kg) 

0.05 
0.05 
0.05 
0.05 
0,05 
0.05 
0,05 

Water 
Analysis: Method 608,3 
Sampling container: Specially prepared one liter sample bottles, taken in 
triplicate. 
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, PBBJ-ZUl/yb. Method 608, U, b, tnvironmental Protection Agency, 
Cincinnati, UH. 1982, 

Soil 
JnaTysiis: Method 8080,3 
Sampling container: Specially prepared mason jar or brass tube (200 g soil 
required). 
Reference: Test ^^thods for Evaluating Solid Waste, Physical/Chemical 
Methods. SW-BAb, Method 80BU, U, b, tnvironmental Protection Agency. 1982. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Gas Chromatography. 
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Table II 
PCB'S in Oil 

Detection Limits 
Analytes Oil (mg/kg) 

PCB-1016 5, 
PCB-1221 5. 
PCB-1232 5. 
PCB-1242 5. 
PCB-1248 5. 
PCB-1254 5. 
PCB-1260 5. 

Oil 
Analysis: Method PCB Oil 
Sampling container: Two 20-40 ml Vials, teflon or foil lined cap (provide at-
least 15 ml volume). 
Reference: EPA Test Method for the Determination of Polychlorinated Biphenyls 
in Transformer l-luid and Waste Uils, tPA-600/4-81-045, U. S. Environmental 
Protection Agency. Cincinnati. OH, beptember 1982. 
Shipping requirements; Securely packed in a leak proof container with chain-
of- custody. 

Acceptable holding time to analysis: 28 days. 
Method of analysis; Gas Chromatography. 
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Table II 
Polynuclear Aromatic Hydrocarbons 

Analytes 
Detection L 

Water (mg/l) Sol 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo (a) anthracene 
Benzo (a) pyrene 
Benzo (b) fluoranthene 
Benzo (g.h,i) perylene 
Benzo (k) fluoranthene 
Chrysene 
Dibenzo (a,h) anthracene 
Fluoranthene 
Fluorene 
Indeno (1,2,3-cd) pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Water 
Analysis: Method 610 
Sampling container; Specially prepared one liter sample bottles, taken in 
triplicate. 
Reference: Method for Organic Chemical Analysis of Municipal and Industrial 
Wastewater. PB 83-2UI/98, Method biu, u. b. tnvironmental Protection Agency. 
Linclnnat^, UH, July 19^2. 

Soil 
Analysis: Method 8100 
Sampling container: Specially prepared mason jar or brass tube (200 g soil 
required). 
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 
SW-846, Method B1UU, U. b. tnvironmental Protection Agency, 1982. 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0,01 
0,01 
0.01 
0.01 

mits 
(mg/kg) 
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Table II 
Polynuclear Aromatic Hydrocarbons 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days end completely analyzed within 30 days of 

collection. 
Method of analysis: Gas and Liquid Chromatography. 
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Table II 
Chlorinated Hydrocarbons 

Detection Limits 
Water (mg/l) Soil (mg/kg) 

0.001 
0.0015 
0.0015 
0.0015 
0.0005 
0.0005 
0.0005 
0.001 
0.001 

0.1 
0.15 
0.15 
0.15 
0.1 
0.1 
0.1 
0.1 
0.1 

Analytes 

2-Chloronaphthalene 
1,2-Dichlorobenzene 
1,3-Di chlorobenzene 
1,4-Dlchlorobenzene 
Hexachlorobenzene 
Hexachloroethane 
1,2,4-Tr1chlorobenzene 
Hexachlorocyclopentadiene 
Hexachlorobutadiene 

Water 
Analysis; Method 612 
Sampling container: Specially prepared one liter sample bottles, taken in 
triplicate. 
Reference; Method for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, PB B3-<:ui/^B, Method b i d , U. b. tnvironmental Protection Agency. 
Cincinnati, OH, July 19B2. 
Soil 
JnaTysis: Method 8120 
Sampling container: Specially prepared mason jar or brass tube (200 g soil 
required). 
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 
SW-846, Method BlifU. U. b. tnvironmental Protection Agency, 1982. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody; 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Gas Chromatography. 
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Table II 
Chlorinated Herbicides 

Detection Limits 
Analytes Water (mg/l) Soil (mg/kg) 

2,4-0 0.02 0.02 
2,4,5-TP 0.02 0.02 

Other analytes available upon request 
77^;^=}— 
Dinoseb 

Water 
Analysis: Method 615 
Sampling container: Specially prepared one liter sample bottles (amber), 
taken in triplicate. 
Reference: Determination of Chlorinated Herbicides jn Industrial and 
Municipal Wastewater, EPA-600/4-8Z-OD5, Method 615, EMSL, U. S. Environmental 
Protection Agency, Cincinnati, OH, July 1982, 
Varian'Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-D 
and Silvex in Waste Water, varian Instruments, Walnut Creek, California. 

Soil 
JnaTysis: Method 8150 
Sampling container: Specially prepared mason jar or brass tube (200 g soil 
required). 
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 
$W-846, Method BlbU, U. b. Environmental Protection Agency, 1982. 
Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-D 
and Silvex in Waste Water, Varian Instruments, Walnut Creek, California. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysts: Gas and Liquid Chromatography. 
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Table II 
Organophosphorus Pesticide 

Analytes 

DEF 
Delnav 
Diazinon 
Dimethoate 
Disulfoton 
Ethion 
Ethyl parathion 
Malathlon 
Methyl parathion 
Methyl trithion 
Phorate 

Detection Limits 
Water (ug/1) Soil (mg/kg) 

Water 
Analysis: Method 622 

Specially prepared one liter sample bottles, taken in 
ys 

Sampling container: 
triplicate. 
Reference: Determination of Organophosphorus Pesticides in Industrial and 
Municipal Wastewater, tPA-bUU/A-BZ-UUB, Wethod 622. EMSL, U. S. Environmental 
Protection Agency, Cincinnati, OH, July 1982. 

L 

Soil 
Anal: Method 8140 

Specially prepared mason jar or brass tube (200 g soil 
ysTs: 

Sampling container: 
required). 
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 
SW-846. Method tJlAU, U. 5. tnvironmental Protection Agency, 1982. 
Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 14 days of 
collection. 
Method of analysis: Gas Chromatography. 
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Table II 
Volatile Organics (GC/MS) 

Analytes 

Benzene 
Bronodlchloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Oibromochloromethane 
1,2-Dichlorobenzene 
1,3-Dlchlorobenzene 
1,4-Oichlorobenzene 
Di chlorod i fluoromethane 
1,1-Olchloroethane 
1,2-Dichloroethane 
1,l-Dlchloroethene 
trans-1,2-DIchloroethene 
1,2-dichloropropane 
cis-l,3-Dichloropropene 
trans-1,3-Dichloropropene 
Ethylbenzene 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-trichloroethane 
Trlchioroethene 
Trichlorofluoromethane 
Vinyl chloride 

Detection Limits 
Water (mg/1)(l) 

0.005 
0.005 
0.005 
0.010 
0.005 
0.005 
0.010 
0.010 
0.005 
0.010 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.010 

Soil (mg/kg)(2) 

0.125 
C,125 
0.125 
0.250 
0,125 
0,125 
0,250 
0,250 
0,125 
0.250 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0,250 
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0.005 
0.005 
0.005 
0.005 

0.125 
0.125 
0.125 
0.125 
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Table II 
Volatile Organics (GC/MS) 

Other analytes available upon request 

Secondary Quantitation List (optional at extra charge), analytes and detection 
limits subject to change. 

Detection Limits 
Analytes Water (mg/T) (1) Soil (mg.kg)(2) 

Freon 113 
Acetone 
Isopropyl Alcohol 
Ethylene 01bromide (EDB) 

Water 
TJnaTysis: Method 624 
Sampling container: Specially prepared 40 ml volatile vial, taken in 
triplicate. 
Reference: Methods for Organic Chemical Analysis of Municipal and 
Industrial Wastewater, PBB3-Z01/98, Method 624, U.S. Environmental 
Protection Agency, Cincinnati, UH, July 1982 

Soil 
SnaTysis: Method 8240 
Sampling container: Air tight completely full brass tube. 
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, $W-846, Mehtod 8240, U.S. Environmental Protection Agency, l̂ j82. 

Shipping requirements: Packed in an iced cooler with chain-of-custody. 
Acceptable holding time to analysis: 14 daysl 
Method of analysis: Gas Chromatography/Mass Spec. 

(1) Specific detection limits are highly matrix dependent. The detection 
limits listed herein are provided for guidance and may not always be 
achievable. Lower detection levels are possible, with additional work at an 
increased price. 

(2) Detection limits listed for soil/sediment are based on wet weight. 
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Semivolati" 

Analytes 

Acenaphthene 
Acenaphthylene 
Aldrin 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(ghi)perylene 
Benzo(a)pyrene 
Benzidine 
Butyl benzyl phthalate 
alpha-BHC 
beta-BHC 
delta-BH 
gamma-BHC 
Bis (2-chloroethoxy)methane 
Bis (2-chloroethyl) ether 
Bis (2-chloroisopropyl)ether 
Bis (2-ethylhexyl)phthalate 
4-Bromophenyl phenyl ether 
Chlordane 
4-Chloro-3-methylphenol 
2-Choronaphthalene 
2-Chlorophenol 
4-Chlorophenyl phenyl ether 
Chrysene 
4,4 -ODD 
4,4'-DDE 
4,4'-DDT 
D1benzo(a,h)anthracene 
01 butyl phthalate 
1,2-Dlchlorobenzene 
1,3-01chlorobenzene 

Table II 
le Organics (GC/MS) 
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Detection Limits 
Water (mg/l)(r) 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.040 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.100 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

Soil (mg/kg)(2) 

0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
1.32 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
3.30 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
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Table II 
Semi volatile Organics (GC/MS) 

Analytes 
Detection Limits 

Water (mg/l)(T) Soil (mg/kg)(2) 

1,4-01chlorobenzene 
3.3'-d1chlorobenzidine 
2,4-DIchlorophenol 
Dieldrin 
Diethylphthalate 
2,4-Dimethylphenol 
Dimethylphthalate 
2,4-Dinitrophenol 
2,4-Dlni trotoluene 
2,6-Dinitrotoluene 
Di-n-octylphthalate 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Fluoranthene 
Fluorene 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)pyrene 
Isophorone 
2-Methy1-4,6-dInitrophenol 
Naphthalene 
Nitrobenzene 
4-NitrophenoT 
2-Nitrophenol 
N-NitrosodImethy1amine 
N-Ni trosod i-n-propylami ne 
N-Nitrosidiphenylamine 

0.010 
0.20 
0.010 
0.010 
0.010 
0.010 
0.010 
0.050 
0.010 
0.010 
0.010 
0.010 
0.010 
0.020 
0.010 
0.020 
0.010 
0.010 
0.01b 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.050 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

0.330 
6.60 
0.330 
0.330 
0.330 
0.330 
0.330 
1.65 
0.330 
0.330 
0.330 
0.330 
0.330 
0.660 
0.330 
0.660 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
1,65 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
0.330 
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Table M 
Semi volatile Organics (GC/MS) 

Detection 
Water (mg/l)(1) 

0.050 
0.050 
0,050 
0.050 
0,050 
0.050 
0.050 
0.050 
d.oio 
0.010 
0.010 
0.5 
0.010 
0.010 
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Limits 
Soil (mg/kg)(2) 

1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
0.330 
0.330 
0.330 
16.5 
0.330 
0.330 

Analytes 

PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Toxaphene 
1.2,4-Tr1chlorobenzene 
2.4.6-Trichlorophenol 

Water 
Analysis: Method 625 
Sampling container: Specially prepared one liter bottle taken in 
triplicate. 
Reference: Methods ^or Organic Chemical Analysis of Municipal and 
Industrial Wastewater, PB83-Z01796, Method 625, U.S. Environmental 
Protection Agency, Cincinnati, OH, July 1982 

Soil 
Analysis: Method 8270 
Sampling container; Specially prepared mason jar, 200 g soil required. 
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW-846, Method 8270, U.S. Environmental Protection Agency, 1982. 

Shipping requirements: Packed in an iced cooler with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed with in 30 days of 
collection. 
Method of analysis: GC/MS 
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Table II 
Semi volatile Organics (GC/MS) 

(1) Specific detection limits are highly matrix dependent. The detection 
limits listed herein are provided for guidance and may not always be achievable. 
Lower detection levels are possible with additional work at an 
increased price. 

(2) Detection limits listed for soil/sediment are based on wet weight. 
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Analytes 

Aldicarb 
Carbaryl 
Carbofuran 
Diuron 
Linuron 
Methomyl 
Oxamy1 

Table II 
Carbamates 

Detection Limits 
Water (mg/l) Soil (mg/kg) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Water 
Analysis; Method 632 
Sampling container: Specially prepared one liter sample bottles, taken in 
triplicate. 
Reference: Method of Organic Chemical Analysis of Municipal and Industrial 
Wastewater, PB83-Z01/98, Method 632, U. S. Environmental Protection Agency, 
Cincinnati. UH, July 19U2. 

Soil 
TjnaTysis: Method 632Mod 
Sampling container: Specially prepared mason jar or brass tube (200 g soil 
required). 
Reference: Modified Method 632 Test Method for Evaluating Solid Waste, 
Physical/Chemical Methods, adapted tor soiI. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Liquid Chromatography. 
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Table II 
Fumingants 

Analytes 

DBCP (Dibromochloropropane) 
EDB (Ethylene Dibromide) 

Detection Limits 
Water (mg/l) Soil (mg/kg) 

0.01 
0.1 

1.0 
1.0 

Water 
Analysis; Method 2000 
Sampling container: Specially prepared one liter sample bottles, taken in 
triplicate, for EDB only, use 40 ml vial (purge & trap technique). 
Reference: Analysis of 1,2-dibrom -3- chloropropane in Water, California 
Department ot Health bervices Methods, p. iflb. 
Reference: Method for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, PB83-201798, Method 601, U. b. Environmental Protection Agency, 
Cincinnati, Ohio, duly 1982 (EDB only). 

Soil: Method 2010 
Sampling container; Air tight completely full brass tube. 
Reference: Analysis of 1,2-dibrom -3- chloropropane in Water. California 
Department of Health Services Methods, p. Zlb. 
Reference; Test Method for Evaluating Solid Waste. Physical/Chemical Methods, 
SW-846, Kethod BUIU. U. b. Environmental Protection Agency. 1982 (EDB only). 

Shipping requirements; Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. EDB only using purge & trap technique. 14 days to analysis. 
Method of analysis: Gas Chromatography. 
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Table II 
Benzene, Toluene, Xylene 
(Gasoline components) 
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Analytes 

Benzene 
Xylene 
Toluene 
Other Hydrocarbons 

Other analytes available upon request 

Detection Limits 
Water (mg/l) Soil (mg/kg) 

0.005 
0.005 
0.005 
0.005 

0.2 
0.2 
0.2 
0.2 

Water 
Analysis: Method 2500 

Specially prepared acidified 40 ml volatiles vials, taken Sampling container: 
in triplicate. 
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, VWS- 'H)MW, Method bOZ. U. b. tnvironmental Protection Agency. 
Cincinnati, OH, July T982. 

Soil 
Analysis: 
Samp11 

Method 2510 
ng container: Air tight completely full brass tube, or 40 ml vial 

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 
SW-846. Method 8020, U. 5. Environmental Protection Agency. lyBiJ. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Acceptable holding time to analysis: 14 days. 
Method of analysis: Gas Chromatography with FID detector. 
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Table I I 
Total Extractable Hydrocarbons 

(Diesel/Fuel Oil Components) 

Analytes 

Total Extractable Hydrocarbons 

Detection Limits 
Water (mg/l) Soil (mg/kg) 

1. 10. 

Water 
Analysis: Method 2515 
Sampling container: Specially prepared one liter sample bottles, taken in 
triplicate. 
Reference: Method for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, Pb BJ-<;ui/b>B, Method bOZ modified, U. S. Environmental Protection 
Agency, Cincinnati, OH, July 1982. 

Soil 
JnaTysfs: Method 2520 
Sampling container: Air tight completely full brass tube or 40 ml vial 
Reference: Analytical Procedures for the Detectioii and Quantitation of Total 
Petroleum Fuel Hydrocarbons and Fuel Constituents Calltornia Kegional water 
QualUy Control Board, 11/8/1985. 

Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Solvent extraction. Gas Chromatography with FID detector. 
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Analytes 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 
2.4.5-TP 

Table II 
EP Toxicity Pesticides 

Maximum Contaminant Level 
(mg/l leachate) 

0,02 
0,4 
10.0 
0.5 
10.0 
1.0 
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Detection Limit 

ATI detection limit 
are one-tenth or 
less of the 
maximum contaminant 
level 

Analysis; Method EPTP 
Samples are extracted with acetic acid and the leachate is examined for the 
pesticides listed. 
Sampling container: Specially cleaned mason jars for solids and sludges sample 
size 400 g. and Titer containers for liquids. 
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 
SW-846. EP loxiclty. U. 5. tnvironmental Protection Agency, 1982. 
Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-0 
and bilvex in Waste Water, Varian Instruments, Walnut Creek, California 
Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days 
collection. 
Method of analysis: Gas and Liquid Chromatography. 
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Table II 
Title 22 Pesticides/Herbicides 
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Analytes 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-0 
2,4,5-TP (Silvex) 

Detection Limit 
Water (mg/l) 

0.00005 
0.00005 
0.001 
0,005 
0,01 
0.001 

Water 
JnaTysis: Method T22P 
Sampling container: Specially prepared one liter bottles taken in triplicate. 
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater, PB 83-Z0179b, Method 6DB, U. b..Environmental Protection Agency, 
Cincinnati, UH, July 1982. Determination of Chlorinated Herbicides in 
Industrial and Municipal Wastewater, LPA-bUU/4-B2-00b, Method 615, EHSL, U. S. 
tnvironmental Protection Agency, Cincinnati, OH. July 1982, 
Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Samples are extracted within 7 days and completely analyzed within 30 days of 
collection. 
Method of analysis: Gas Chromatography. 
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Analytes 

Antimony 
Arsenic 
Beryllium 
Cadmi um 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Revision No. 5 
Date 
Page 

Table II 
Priority Pollutant Metals 

Metals 
Detection 
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Limits 
Water (mg/l) Soil (mg/kg) 

0.02 
0.01 
0.005 
0.005 
0.005 
0.05 
0.005 
0.001 
0.05 
0.005 
0.01 
0.01 
0.01 

5. 
5. 
0.75 
1. 
5. 
5. 
5. 
0.2 
5. 
1. 
5. 
5. 
5. 

Samples are digested and analyzed for the 13 metals, according to EPA criteria. 
Federal Register, December 3, 1979. 
Sampling container: Special acid-washed mason jars for solids and sludges 
sample size 400 g, and special acid-washed liter containers for liquids. 
Reference: California Assessment Manual, January 1984, Test Methods for 
Evaluating Solid Waste, Physical/Chemical' Methods, $W-846, Individual Metals 
Analysis, u. b. tnvironmental Protection Agency, l982. 
Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Method of analysis: Atomic Absorption Spectrophotometry. 
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Analytes 
(mg/li 

Arsenic 
Antimony 
Barium 
Beryllium 
Cadmium 
Chromium III/VI* 
Cobalt 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Tabl e II 

Section No. 6.0 
Revision No. 5 
Date 
Page 

California Assessment Manual Metals 
Regulatory Limits 

TTLC (mg/kg) 

500 
500 
10.000 
75 
100 
2.500/500 
8.000 
2,500 
1,000 
20 
3.500 
2.000 
100 
500 
700 
2.400 
5,000 

STLC (mg/l) 

5 
15 
100 
0.75 
1 
560/5 
80 
25 
5 
0.2 
350 
20 
1 
5 
7 
24 
250 
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Detection Limits 

TTLC (mg/kg) 

5. 
5. 
5, 
0,75 
1. 
5/5 
5. 
5, 
5, 
0,2 
5, 
5, 
1, 
5, 
5. 
5, 
5. 

STLC 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1/0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

Samples are either acid digested for total metal content (to be compared to TTLC 
regulatory vaTuesV or extracted with citrate buffer (to be compared to STLC 
regulatory values). 
•Chromium values are reported as total chromium, the sum of the III and VI 
species. 
Sampling container: Special acid-washed mason jars for solids and sludges (400 
g sample size), and special acid-washed liter containers for liquids. 
Reference; California Assessment Manual, January 1984, Test Methods for 
Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Individual Metals 
Analysis as per, U. b. Environmental Protection Agency, Methods listed on pp. 
28, 30. 
Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Method of analysis: Atomic Absorption Spectrophotometry. 
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Analytes 

Arsenic 
Bariurr, 
Cadmium 
Chromium (total) 
Mercury 
Lead 
Selenium 
Silver 

' 

Table II 
EP Toxicity Metals 

Maximum Contaminant Level 
Cmg/l leachate) 

5.0 
100.0 
1,0 
5,0 
0.2 
5.0 
1.0 
5.0 

Secti 
Rev Is 
Date 
Page 

Detection 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

on No. 6.0 
ion No. 5 
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Limit 

Samples are extracted with acetic acid, and the leachate is examined for the 
eight metals listed. 
Sampling container: Specially cleaned mason jars for solids and sludges, and 
liter containers for liquids. 
Reference: Test Methods for Evaluating Solid Waste. Physical/Chemical Methods, 
SW-8A6. EP loxuity, U. b. Environmental Protection Agency, 198Z. 
Shipping requirements: Packed in an iced cooler, with chain-of-custody. 
Method of analysis: Atomic Absorption Spectrophotometry, 
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Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmi um 
Calcium 
Chromium (Total) 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Stronti um* 
Thallium 
Vanadium 
Zinc 
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Table II 
EPA Methods 

Atomic Absorption Analysis 
Metals in Water 

Flame 

EPA 202.1 
EPA 204.1 

EPA 208.1 
EPA 210.1 
EPA 213.1 
EPA 215.1 
EPA 218.1 
EPA 219.1 
EPA 220.1 
EPA 236.1 
EPA 239.1 
EPA 242.1 
EPA 243.1 

EPA 246.1 
EPA 249.1 
EPA 258.1 

EPA 272.1 
EPA 273.1 

303A 
EPA 279.T 
EPA 286.1 
EPA 289.1 

Graphite 
Furnace 

EPA 202.2 
EPA 204.2 
EPA 206.2 
EPA 208,2 
EPA 210.2 
EPA 213.2 

EPA 218.2 
EPA 219.2 
EPA 220.2 
EPA 236.2 
EPA 239.2 

EPA 243.2 

EPA 246.2 
EPA 249.2 

EPA 270.2 
EPA 272.2 

EPA 279.2 
EPA 286.2 
EPA 289.2 

Hydride 
Generation 

EPA 206.3 

Cold 
Vapor ICP 

EPA 245.1 

EPA 270.3 

EPA 200.7 
EPA 200.7 

EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
I 
EPA 200.7 
EPA 200.7 
EPA 200.7 

EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 

Reference: Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
EMSL, U. S. Lnvironmental Protection Agency, 1979. 
* Reference: Standard Methods for the Examination of Water and Wastewater, 16th 
Edition. 1985. ~ '-
Method of Analysis; Atomic Absorption Spectrophotometry. 
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Element 

Aluminum 
Antimony 
Arsenic 
Bari um 
Beryllium 
Cadmium 
Calcium 
Chromium (Total) 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thai Hum 
Vanadium 
Zinc 

Mil 
Table II 

nimum Detectior 
Atomic Absorption 

Flame 

0.5 
0.02 

0.2 
0.04 
0.02 
0.05 
0.1 
0.05 
0.05 
0.05 
0.4 
0.02 
0.01 

0.1 
0.2 
0.05 

0.02 
0.05 
0.02 
0.1 
0.5 
0.03 

1 Limits 
Analysis 

Metals in Water 
mg/l 

Graphite 
Furnace 

0.02 
0.005 
0.01 
0.05 
0.0005 
0.0005 

0.003 
0.005 
0.003 
0.01 
0.002 
0.001 

0.005 
0.005 

0.005 
0.001 

0.002 
0.003 
0.005 
0.005 

Hydride 
Generation 

0.005 
0.003 

0.004 
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Cold 
Vapor 

0.001 
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Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmi um 
Calcium 
Chromium (Total) 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

Reference: 
Evaluating 

Atomi 

Flame 

EPA 7040 

EPA 7080 
EPA 7090 
EPA 7130 

EPA 7190 

EPA 7210 
EPA 7380 
EPA 7420 

EPA 7460 

EPA 7520 

EPA 7760 
EPA 7770 

EPA 7840 
EPA 7910 
EPA 7950 

Table II 
EPA Methods 

ic Absorption 
t 

Analysis 
Metals in Soil 

Graphite 
Furnace 

EPA 7041 
EPA 7060 
EPA 7081 
EPA 7091 
EPA 7131 

EPA 7191 

EPA 7211 
EPA 7381 
EPA 7421 

EPA 7461 

EPA 7521 

EPA 7740 
EPA 7761 

EPA 7841 
EPA 7911 
EPA 7951 

California Assessment Manual, Jai 
Solid Waste, Physica 

Hydride 
Generation 

EPA 7061 

EPA 7741 

Section No. 6.0 
Revision No. 5 
Date 9/15/87 
Page 61 

Cold 
Vapor 

EPA 7471 

„ 

luary 1984, Test Methods for 
1/Chemical Methods, SW-84b. 

Method of analysis: Atomic Absorption Spectrophotometry. 
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Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmi um 
Calcium 
Chromium (Total) 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Vanadi um 
Zinc 

Flame 

50. 
20. 

20. 
20. 
4. 
20. 
20. 
20. 
20. 
20. 
40. 
20. 
4. 

40. 
20. 
20. 

4. 
20. 
4. 
20. 
80. 
5. 

Table II 
Minimum Detectior 
Atomic Absorption 

1 Limits 
Analysis 

Metals in Soil 
mg/kg 

Graphite 
Furnace 

2. 
1. 

, 1. 
5. 
0.5 
0.5 

0.5 
0.5 
0.5 
1. 
0.5 

0.2 

0.5 
0.5 

1. 
0.2 

0.2 
0.5 
0.5 
0.5 

Hydride 
Generation 

1. 
0.5 

1. 

Section No. 6.0 
Revision No. 5 
Date 9/15/87 
Page 62 

Cold 
Vapcr 

0.2 
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DATA REVIEW AND REPORTING 

ated by Canonie Environmental Services Corp. are reviewed 

ists from each of the various areas. If a second chemist 

'lew the work, then the quality assurance officer will do 

he quality assurance officer randomly reviews work from 

y the documentation and reported results. 

re cnecked when reviewing the work; 

he calculations, identification, and reported units are 

t. 

II the results obtained for the samples were within the 

] calibration range or were diluted into the working 

tion range. 

re^r meet acceptance criteria. 

u1ts are unacceptable* then the cause for the results 

st be determined before the analysis can continue and 

i . In the event that the QC results fall outside of the 

C comment sheet (see Attachment X) is Issued, on which 

yst ind the QA Officer make appropriate comments and 

results are acceptable, the chemist initials the 

sheets, and/or other generated data, and gives the 

a second chemist for review and approval. 
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-he entire report Is 

Information* data» 

Dperly documented* 

ent. 

erated. proofread by 

; who reviewed the 

ly County* State* or 

nt for posting* and 
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8.0 QUALITY CONTROL 

The quality control program is the most essential element to determining the 

performance of the analytical measurements. 

The quality control program involves the analysis of a blank, duplicate, and 

spiked sample with every set of ten samples or with each matrix type. 

1. Analysis of Blank 

There are several different types of blanks that can bie 

prepared and analyzed; reagent blank, travel blank, or field 

blank. 

a. A reagent blank is prepared using deionized water, purified 

soil, solvents, acids, or other reagents used in the 

preparation and analysis of the samples. All analyses are 

run using a reagent blank in order to verify that any 

positive results are not due to contamination from the 

laboratory. Blanks showing contamination above minimal 

detectable levels indicates process contamination that must 

be corrected. 
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b. A travel blank is prepared by Canonie Environmental 

Services Corp. and transported to the field, along with the 

sample containers. The travel blank undergoes all of the 

same handling as a sample, e.g., placed in the same cooler 

at the time of sampling, thus showing if any contamination 

was picked up during transportation. Travel blanks will be 

used to assess the environment in which the bottles and 

samples underwent during transportation. The results from 

the travel blank are used to assess contamination 

encountered during transportation. Should contamination 

occur, corrective measures must be taken (i.e., monitoring, 

resampling). 

c. A field blank is prepared at the sampling site and returned 

blind to the laboratory with the sample. The field blank 

is exposed to the same environmental factors as the samples 

and is a good test to see if contamination is picked up at 

the time of sampling. Field blanks are used to monitor 

sampling techniques and are usually analyzed as a blind QC 

sample. 
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2. Analysis of Duplicates 

The preferred method of duplication at Canonie Environmental 

Services Corp. is the analysis of a duplicate spike sample. A 

sample is chosen randorly, divided into equal aliquots, spiked 

with a known amount of the analyte and prepared for analysis. 

Duplicate samples are analyzed to determine the precision of 

the preparation and analytical techniques. Daily the relative 

percent difference (RPD) between the spike and duplicate spike 

are plotted (See attachment XI). Relative percent difference 

is calculated as: 

Amount in Spike 1 - Amount in Spike 2 

RPD e X 100 

Spike 1 -I- Spike 2 

3. Analysis of Spiked Samples 

In order to assure the accuracy of the analytical procedure, a 

sample is randomly chosen and spiked with a known amount of the 

analyte to be tested. The increased value for a spiked sample 

resulting from the addition of the analyte at a known 

concentration compared to the value obtained for that same 

analyte in the unspiked sample determines the percent recovery. 
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Daily, control charts are plotted and kept by instrument 

specific, matrix specific, and analyte specific (see Attachment 

XII). The percent recovery for a spike sample is calculated as 

follows: 

Amt. Found in Spiked Sample - Amt. Found in Sample 

% Rec.= — — _ - _ > — — . . xiOO 

Known Amount Added 

4. Measurement of Method Detection Limits 

Periodically, Canonie Environmental Services Corp. reevaluates 

its method detection limits (MDL) for each matrix type and for 

each method. 

To determine the MDL, the methods prescribed by the EPA are 

employed. The MDL is defined as the minimum concentration of a 

substance that can be identified, measured, arid reported with 

99% confidence. 

a. Procedure 

1. If the MDL is determined in water, a laboratory 

standard at a concentration 1 - 5 times that of the 

estimated MDL is analyzed. 
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2. For other matricies: a standard 5 - 10 times that of 

the estimated MDL is analyzed. 

3. The standard is analyzed seven times, 

4. The MDL is calculated by finding the standard deviation 

of the results for all seven analyses and multipling 

the standard deviation by a factor of 3.143. 

CanonieEnvircnmental 
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9.0 ESTABLISHMENT OF ACCEPTABLE LIMITS 

Construction of a Control Chart or 5C Chart 

A control chart is constructed on data produced in the laboratory for a 

specific analysis and instrument. It is a method of showing the precision of 

an analysis, based on common, simple statistical methods. 

When a quality control sample of known concentration is analyzed a number of 

times, a series of analytical results are received which should bracket the 

known concentration in a Gaussian or normal distribution. The average (%) is 

the sum of the results divided by the number of results. 

The standard deviation (cr ) is an indication of the spread of the results 

from the mean, or the precision of the analysis. This Is defined as the 

square root of the sum of the differences between the average and each result, 

squared, divided by one less than the number of analysis. 

M n-l 

The proportion of results lying within any given range is related to the 

standard deviation. That is, 68% of the observations lie within ^ + I T , 95% 

between J. + 2 ^ and 99% between X + 3er, for large numbers of samples. This 

relationship becomes more precise as n increases, but is suitable for smaller 

populations (approximately 20). 

CanonieEnvironmental 



Section No. 9.0 
Revision No. 5 
Date 9/15/87 
Page 71 

Once a quality control sample has been analyzed at least 20 times and the mean 

and standard deviation established* it is possible to predict the limits into 

which any further analysis of the sample will fall if the analysis Is 

performed under Identical conditions. For example* If a known QC sample Is 

10.0 ppb* the analysis may produce an X of 9.9 and of 1.0 for 20 results. 

Then 95X of the results of re-analysis wiTl fall within 9.9 ± 2.0 or from 7.9 

to 11.9. In like manner 99X of the results of reanalysis will fall within 9.9 

±3.0* or from 6.9 to 12.9. These ranges are known as limits. The upper and 

lower warning limits are X + 2 * and the upper and lower control limits are X 

+ 3 . 

These limits can be used to construct a chart defining when an analysis is "In 

control." (See Attachment XII) 

In order to construct a control chart* the following steps are necessary: 

1. Analyze the quality control sample at least 20 times. 

2. Collate the results* finding the average (X) and the standard 

deviation ( ). 

3. Set the upper warning limit at X -f 2 * the lower warning limit 

at X - 2 . 

4. Set the upper control limit at X + 3 and the lower control 

limit at X - 3 . 

5. Draw a control chart which delineates the average and the four 

limits. 

6. Plot each subsequent quality control result on the chart to 

demonstrate the precision of that analysis. (See Attachment 

XII). 
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10.0 ACCEPTANCE CRITERIA AND PROBLEMS 

When an analysis is being performed, the analyst must verify Immediately that 

the results generated for the quality control samples falls within the 

acceptance limits for that analysis. 

The quality control sample indicates acceptable analysis values when it falls 

between the lower warning limit (LWL) and the upper warning limit (UWL). As 

long as the quality control sample falls within these limits the analysis will 

continue and results will be released to the client. If the quality control 

sample value falls between the control limit and warning limit (UCL and UWL or 

LCL and LWL), the analysis should be scrutinized as possibly out-of-control. 

The sample results are still acceptable at this point, however, if the control 

sample value remains between the control limit and warning limit for 5 

consecutive days, the analysis is stopped and no data is released until the 

problem is resolved. 

If the quality control sample value falls outside the control limits (UCL 

or LCL), this indicates an out-of-control situation. The analysis is stopped 

and no data is released until the reason for the problem has been identified 

and resolved. When an out-of-control situation occurs, the analyst is 

required to fill out a QA/QC comment sheet (see Attachment XIII) and submit it 

to both their immediate supervisor and the Quality Assurance Officer. After 

the problem has been corrected and shown that acceptable; results are once 

again produced, samples will once again be analyzed and data will be released. 

Depending on the type of problem encountered, the problem and its solution 

will be documented. 
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Not only are the control charts used to monitor the performance of the 

laboratory, the Quality Assurance Officer also monitors the laboratory 

performance by releasing blind quality assurance samples and by randomly 

reviewing particular analysis. In the event that the Quality Assurance 

Officer spots unacceptable practices, a formal notice (see Attachment XIII) is 

issued to the laboratory manager and the section supervisor in which the 

corrective actions must be implemented. The section supervisor must respond 

to the formal notice and correct any difficiencies. 

Precision, Accuracy and Relative Error: 

Precision refers to the reproducibility of a method when it is repeated on a 

homogeneous sample under controlled conditions. 

The precision or reproducibility of a method shall be expressed as a 

percentage of the mean and is termed the relative standard deviation or 

coefficient of variation: 

C « 100 
" —r-

where C = Relative standard deviatibn or coefficient of variation 
V 

•> standard deviation 

X B mean 

Relative error expresses the difference between the measured and the actual 

amounts: 

relative error •» X - TV 
) f — 

where 
X B observed value 

TV = true value 
X •>• mean 

Therefore, relative error represents the measure of accuracy of a method. 
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11.0 PERFORMED AND SYSTEM AUDITS 

Canonie Environmental Services Laboratory routinely analyzes performance audit 

samples from both New York State Department of Health for potable and non-

potable water and US EPA for both the drinking water (WS series) and 

wastewater (WP series) samples. 

Certified reference materials are purchased from the National Bureau of 

Standards for metals in sediment Tike matrlxs. Additional reference material 

is accquired from the US EPA Quality Assurance Materials Book. 

3. Current laboratory certification Include; 

1. California DOHS certification for the analysis of 

Hazardous Waste. 

2. California Department of Health Service* Sanitation and 

Radiation* approved water laboratory certification for 

General Chemical and Organic Chemical. 

3. New York State Department of Health certification for 

potable water and non-potable water analysis. 
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12.0 REVIEW OF ANALYTICAL RESULTS BY THE QUALITY ASSURANCE OFFICER 

The function of the Quality Assurance Officer is to assure that the quality of 

the service delivered to the client meets the highest possible standard of 

quality, through the control of handling and analytical procedures performed 

on the samples. Should the acquired data be of suspect quality, it is the 

duty of the Quality ^ssurance Officer to halt its release. 

Outlined is the functions and responsibilities performed by the Quality 

Assurance Officer: 

1. Coordinate proficiency testing for laboratory approval 

programs. 

2. Coordinate any on-site QA/QC inspections. 

3. Prepare and update QA/QC plans. 

4. Assist in the development of new analytical methods and 

techniques. 

5. Assist in the development and planning of QA/QC documents and 

programs with the Project Engineer on a project by project 

basis. 

6. With the QC committee continue to develop and Implement a QC 

program. 
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7. Monitor the sections for compliance to the QA/QC program byt 

- reviewing standard storage and preparation 

- reviewing instrument log books 

- reviewing CC documentation for completeness 

- reviewing sample storage 

8. Analyze data generated from in-houseOc check samples. 

9. Advise personnel on laboratory procedures. 

10. Advise personnel when problems are encountered with an 

analysis. 

11. Respond to Inquiries made regarding laboratory QA/QC related 

activities. 

RESPONSIBILITIES: The Quality Assurance Officer will: 

1. Identify and refer any Instances in which QC objectives are not 

being met to the section heads and laboratory manager for 

remedial actions. 

2. Assure that suspect data are not Included in laboratory 

reports. 

. CanonieEnvironmental 



Section No. 12.0 
Revision No. 5 
Date 9/15/87 
Page 77 

3. Follow up on the remedial actions undertaken in response to the 

above referrals to assure that QC objectives are once again 

being met. 

4. Inspect corrective action reports for out-of-control events. 

5. Prepare a monthly QA report summarizing any warning sheets 

issued, corrective actions taken, unresolved problems, and 

overall QC activities of the laboratory. 

A monthly QA report is then submitted to the Manager of Laboratory Services, 

Ken Wahl. He reviews the progress of the laboraitory, makes his 

recommendations and goals for the next month. The monthly QA report is 

submitted to the Executive Vice President, Phillip E. Antommarla. 
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APPENDIX B 

LONG-TERM WATER TREATMENT FACILITY 
SAMPLING FREQUENCY 

When the long-term water treatment facility is running continuously, a 

sample will be taken monthly for the first year, then quarterly thereafter 

at a sampling point at the Influent to the treatment unit and at a sampling 

point between the two carbon units. If the treatment facility is running 

on an intermittent basis, at least one sample will be collected between the 

two carbon canisters at both the startup and completion of each 

intermittent run. 

The quarterly sampling frequency between the carbon canisters is sufficient 

to maintain the PCB discharge goal. Treating 500 gallons per day of ground 

water containing the solubility limit of 288 ppb PCB (Waid, John S., PCBs 

and the Environment, Volume I, CRC Press, Inc., •51986) will require 9.1 

years to exhaust a 200 lb. carbon adsorption treatment container at two 

weight percent PCB loading. The ciiilirulation is presented with the 

following equations: 

Weight of carbon per carbon adsorption container: 200 lb. 

Water flow rate to long-term treatment facility: 500 gallons/day 

Soliibiiity limit of Aroclor 1242 in water: 288 ppb 

PCB loading on carbon: 0.02 lbs. PCB 
lbs. carbon 

PCB removal rate: 

500 Gallons water x 8.34 lbs, water x 288 lbs. PCBs x 365 davs = 
day gallon water 1 billon lbs. year 

water 

0.438 lbs. PCB 
year 

PCB capacity of 200 lbs. carbon: 

200 lbs. carbon x 0.02 lbs. PCB - 4.0 lbs. PCBs 
lbs. carbon 

CanonieEnvironmental 
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Time required to achieve carbon loading: 

4.0 lbs. PCB/0.438 lbs. PCBs o 9.I years 
year 
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TEST PROCEDURES FOR SOILS ANALYSIS 
AND MATERIAL SPECIFICATIONS 

ASTM 
Number 

DI586 

D4220 

02113 

D1785 

02216 

D422 

D1140 

0698 

02435 

04318 

SnWect 

Standard Penetration Test 

Sample Preservation 

Diamond Core Drilling 

PVC Pipe 

Moisture Content Teŝ tc;: 

Grain Size Test 

200 Wash Sieve 

Standard Proctor Test 

One-Dii^nsional Consolidation Test 

Atterberg Limit Test 

p 
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Standaid Method for 

PENETRATION TEST AND SPUT-BARREL SAMPLING OF 
SOILS^ 

Thn ttudaid 'a imn i mdtr die l iud i«nitr"'ifr D 1386i the numbtr innnediatcly roUowing Ihc dcii(ulion indicatts the ytv </ 
orifiiialadajpciimor/inlllecaKoricnaoii.lbeyarariBtrei'isioii. A numberinpaicnihaaiiidialalfaeycirafiulie.prnni 
A iuiicncfipl cpdon <i) i a d k n a l a dluotiit c h a i c aiKC Ite bit Rviskw or lopivov^^^ 

TUi mnkoJhaibttnttffrortdJor lor bya t rmia efihe Dtpmtmem o f D ^ m t and for Uaing in the DOD Index t^ Spmficaium 
amt Slamhrds. 

1. Scope 
1.1 This method describes the procedure, gen­

erally known as the Standard PenetraUon Test 
(SPT), for driving a split-barrel sampler to obtain 
a representative soil sample and a measure of the 
resistance of the soil to penetration of the sam­
pler. 

1.2 This standard may involye hazardous ma-
lerials, operations, and equipmerU. This standard 
does not purport to address all of the sttfety prob­
lems associated with its use. It is the responsibil­
ity of whoever uses this standard to consult and 
establish appropriate sqfeiy and health practices 
and determine the applicabiliiy of regulatory limi­
tations prior to use. For a specific precautionary 
statement, see 3.4.1. 

1.3 The values stated in inch-pound units are 
to be regarded as the standard. 

2. AppUcabfe Doinnncnls 
2.1 ASTM Standards: 
D2487 Test Method for Qassification of Soils 

for Engineering Purposes^ 
D2488 iPractice for Dncription and Identifi­

cation of Soils (Visual-Manual Procedure)' 
D4220 Practices for Preserving and Trans­

porting Soil Samples' 

3. Descriptions ofTcmuSpedlk to Thb Stand­
ard 
3.1 (mvi/—that portion of the drive-weight as­

sembly which the hammer strikes and through 
which the hamtiier energy passes into the drill 
loiiy 

3.2 cathead—the rotating drum or windlass 
in the rope-cathead UA system around which the 
operator wraps a rope to lift and drop the ham­

mer by successively tightening and loosening the 
rope turns around the drum. 

3.3 drill ro(2f—rods used to transmit down­
ward force and torque to the drill bit while drill­
ing a borehole. 

3.4 drive-weight assembly—a device consist­
ing of the hammer, hammer fall guide, the anvil, 
and any hammer drop system. 

3.5 hammer—that portion of the drive-weight 
assembly consisting of the 140 ± 2 lb (63.S ± I 
kg) impact weight which is successively lifted and 
dropped to provide the energy that accomplishes 
the sampling and penetration. 

3.6 hammer drop system—that portion of the 
drive-weight assembly by which the operator ac­
complishes the lifting and dropping of the ham­
mer to produce the blow. 

3.7 /uimmrryiitf^tJf—that part of the drive-
weight assembly used to guide the fall of the 
hammer. 

3.8 N-value—i\ie blowcount represenution of 
the penetration resistance of the soil. The H-
value, reported in blows per foot, equals the sum 
of the number of blows required to drive the 
sampler over the depth interval of 6 to 18 ia 
(ISO to 450 mm) (sec 7.3). 

3.9 dM^lhe number ofblows obtained from 
each of the 6-in. (I SO-mm) intervab of sampler 
penetration (see 7.3). 

3.10 number cfrope turns—the total contact 
angle between the rope and the cathead at the 

' This iDclbud is under Ihc jurisdiclian of ASTM CDinniiim 
D-IR on Suil and Racli and is Ihe diim mponsibilily <t 
SuhcommillK DIS.n2 on Sampling and Related Field Tesuat 
for Snil Inve t̂igaiicifK. 

<'unenl edition approved Sepi i l . I'>g4 Published Noveia-
her I9M. UrifinaUy puMished as D I }U - SB T. Last pnvioa 
edition D 15S«-67(1974). 

' Annual Bnil nl ASTM Siandardy Vol 04.0(. 

beginning of the operator's rope slackening to 
drop the hammer, divided by 360* (see Fig. I). 

3.11 sampling rods—rods that connect the 
drive-weight assembly to the sampler. Drill rods 
are often used for this purpose. 

3.12 5'Pr—abbreviation for Standard Pene­
tration Test, a term by which engineers com­
monly refer to this method. 

4. Significance aod Use 
4.1 This method provides a soil sample for 

identification purposes and for laboratory tests 
appropriate for soil obtained from a sampler that 
may produce large shear strain disturbance in the 
sample. 

4.2 This method is used extensively in a great 
variety of geoiechnical exploration projects. 
Many local correlations and widely published 
correlations which relate SPT blowcount, or A^ 
valiie, and the engineering behavior of earth­
works and foundations are available. 

5. Apparatus 

5.1 Drilling Equipment—Any drilling equip­
ment that provides at the time of sampling a 
suitably clean open hole before insertion of the 
sampler and ensures that the penetration test is 
performed on undisturbed soil shall be accepta­
ble. The following pieces of equipment have 
proven to be suitable for advancing a borehole 
in some subsurface conditions. 

5.1.1 Drag, Chapping, and Fishtail Bits, less 
than 6.5 in. (162 mm} and greater than 2.2 in. 
(56 mm) in diameter may be used in conjuction 
with open-hole rotary drilling or casing-^dvancr-
ment drilling methods. To avotd disturbance of 
the iindertying soil, bottom discharge bits are not 
permitted; only side discharge bits are permitted. 

5.1.2 R(dler-Cone Bits, less than 6.5 in. (162 
mm) and greater than 2.2 in. (56 mm) in diam­
eter may be used in conjunction with open-hole 
rotary drilling or casing-advancement drilUng 
methods if Ihe drilling fluid discharge is deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers, 
with ot without a center bit assembly, may be 
used to drill the boring. The inside diameter of 
the hollow-stem augers shall be less than 6.5 in. 
(162 mm) and greater than 2.2 in. (56 mm). 

5.1.4 Solid, Continuous Flight, Bucket and 
Hand Augers, less than 6.5 in. (162 mm) and 
greater than 2.2 in. (56 mm) in diameter may be 
used if the soil on the side of the boring does not 

cave onto the sampler or sampling rods during 
sampling. 

5.2 Sarhpling Rods—Flush-joint steel drill-
rods shall be used to connect the split-barrel 
sampler to tlw drive-weight assembly. The sam­
pling rod shall have a siiflhess (moment of iner­
tia) ioqual to or greater than that of parallel wall 
"A" rod (a sted rod which has an outside diam­
eter of 1%̂  in. (41.2 mm) and an inside diameter 
of 1'/% in. (28.5 mm). 

NOTE I—Recent meareb and companlive testing 
indicates the type rod used, with ttiflhcB langing from 
"A" size rod to "N* aie rod, wiD usually luve a 
negligible efTecl on the At-valuei to depths of at least 
100 ft (30 m). 

5.3 Split-Barrel 5;amp/pr—The sampler shall 
be constructed with the dimensions indicated in 
Fig. 2. The driving shoe shall be of hardened steel 
and shall be replaced or repaiined when it becomes 
dented or distorted. The use of lifters to produce 
a constant inside diameter of IVi in. (33 mm) is 
permitted, but shall be noted on the penetration 
record if used. The use of a sample retainer basket 
is permitted, and should also be noted on the 
penetration record if used. 

NOTE 2—Both theory and available lest data suggest 
that /V-values may increase between 10 t(i 30 % when 
linen are used. 

i.^ Drive-Weight Assembly: 
5.4.1 Hammer and Anvil—The hammer shall 

weigh 140 ± 2 lb (63.5 ± I kg) and shall be a 
solid rigid metallic mass. The haminer shall strike 
the anvil and make steel on steel contact when it 
is dropped. A hammer fall guide permitting a 
free fall shall be used. Hamiiiers us«l with ihe 
cathead and rope method shall have an un­
impeded oyerlif) capacity of at least 4 in. (1(X) 
mm). For safidy reasons, the use of a hammer 
assembly with an internal anvil b encouraged. 

NOTE 3—It is suggested that the hammer M guide 
be pennanently maiked to enable the opcntor or in-
ipectorto judge the hammer drop tKight . 

5.4.2 Hammer Drop System—Rope-cathead, 
trip, semi-automatic, or automatic hammer drop 
systems may be used, providing the lifting appa­
ratus will not cause penetration of the saiiipler 
while re-engaging and lifting the hammer. 

3.5 Accessory Equipment^Acccisonn such 
as labels, sample containers, dau sheets, and 
groundwater level measuring devices shall be pro­
vided in accordance with the requirements of the 
project and other ASTM staiidards. 

.ip ..i.iujj .lyuii, 11.! 



6. MIHng PMccdm 

6.1 The boring shall be advanced incremen­
tally to permit intermittent or continuous sam­
pling. Test intervals and locations are normally 
stipulated by the project engiiieer or geologist. 
Typically, the intervidiaelecled are S ft (1.5 mm) 
or less in homogeneoui Utaia with test aitd sam­
pling locations at every change of strata. 

6.2 Any diiifing pradediiie that provides a 
suitably dean and staUe bole before insertion of 
the sampler aod assutes that the peneuallon test 
is performed OB csentoDy undistuitod soil shall 
be aooeptabie. Each t^lhe foOowing procedures 
have proven to be acoepuUc for some subsurfiwe 
conditions. TIK sufaaur&oe conditioiis antici­
pated should be considered when sdectiiig the 
drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stem auger 

method. 
6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6.3 Several dtiUing methods |»odiioe unac­

ceptable borings. TIK process of jcttiiig throiigh 
an open tube sampler and then sampling «vhen 
the desiml depth is readied shall not be permit­
ted. The continuous flight solid auger inethod 
shall not be used for advandng the boring bdow 
a water table or bdow the upper confining bed 
of a confined noivcohesiyc stratum that is under 
artesian pressure. Casing may not be advanced 
bdow the sampling devation prior to sampling. 
Advandng a boring with bottom discharge bits 
is not permissible. It is not permissibie to advance 
the boring for subsequent insertion of the sam­
pler soldy by means of previous sampling vrith 
the SPT sampler. 

6.4 The drilling fluid levd «vitliin the baring 
or hollow-stem augen shall be maintained at at 
above the in situ groundwater levd at all times 
during driliing. removal of driU rods, and sam­
pling. 

7. Sampling and Testing Proccdnic 
7.1 After the boring has been advanced to the 

desired sampUng devatioD and exoiessi ve cuttings 
have been leituived, pRpaR for the test with the 
folldwing sequence of opmiioiis. 

7.1.1 Attach the qiifil-barRi sampler to the 
sampling rods and lower into the borehole. Do 

D1586 

not allow the sampler to drop onto the soil to be 
sampled. 

7.1.2 Position the hammer above and attach 
the anvil to the top of the sampling rods. This 
may be done before the sampling rods and sam­
pler are lowered into the borehole. 

7.1.3 Rest the dead wdght of the sampler, 
rods, anvil, and drive weight on the bottom of 
the boring and apply a seating blow. If excessive 
cuttings are encounteicd at the bottom of the 
boring, remove the sampler and sampling rods 
from the boring arul remove the cuttings. 

7.1.4 Mark the drill rods in three successive 
6-iii. (0.1 S-m) increments so Uiat the advance of 
the sampler under the impact of ihe haminer can 
be easily observed for each 6-in. (0.1 S-m) inoe-

< ^ D1586 

7.2 Drive the sampler with blows from the 
140-lb (63.5-kg) hammer and count the number 
of blows applied in each 6-in. (0.1 S-m) increment 
until one of the following occurs: 

7.2.1 A total of SO blows have been applied 
during any one of the three 6-in. (0.13-m) inoe-
ments described in 7.1.4. 

1.2 J A total of 100 blows have been apirfied. 
7.2.3 There is no observed advance of the 

sampler during the application of 10 successive 
blows of the hammer. 

7.2.4 The sampler is advanced the complete 
18 in. (0.43 m) without the limiting blow counts 
occurring as described in 7.2.1.7.2.2, or 7.2.3. 

7.3 Record the number of blows required to 
effect each 6 in. (0.13 m) of penetration or frac­
tion thereof. The first 6 in. is considered to be a 
seating drive. The. sum of the number of blows 
required for the second and third 6 in. of pene­
tration is termed the "standard penetration re­
sistance'', or the "y^-value". If the sampler is 
driven less than 18 in. (0.43 m), as permitted in 
7.2.1, 7.2.Z or 7.2.3, the number of btows per 
each complete 6-in. (0.1 S-m) increment and per 
each partial increment shall be recorded on the 
boring log. For partial increments, the depth of 
penetration shall be reported to the nearest I in. 
(23 mm), in addition to the number of blows. If 
the sampler advances below the bottom of the 
boring under the static weight of the drill rods or 
the weight of the drill rods plus the sutic wdght 
of the hammer, this information should be noted 
on the boring log. 

7.4 The raising and dropping of ihe 140-lb 

(63.5-kg) hammer shall be accomplished using 
either of the following two mcthods: 

7.4.1 By uang a trip, automatic, or semi-au­
tomatic ham mer drop system which lifb the 140-
Ib (63.5-kg) hammer and allows it to drop 30 ± 
1.0 in. (0:76 m ± 25 mm) unimpeded. 

7.4.2 By using a cathead to pull a rope at­
tached to the hammer. When the cathead and 
rope method is used the system and operation 
shall conform to Ihe following: 

7.4.2.1 The cathead shaU be essentially free of 
rust, oil. or grease and have a diameter in the 
range of 6 to 10 in. (ISO to 250 mm). 

7.4.2.2 The cathead should be operated at a 
minimum speed of rotation of l(X) RPM, or the 
approximate speed of rotation shall be reported 
on the boring log. 

7.4.2.3 No more than 2'A rope turns on the 
cathead may be used during the performance of 
the penetration test, as shown in Fig. 1. 

NOTE 4—The opeiator siiould generally use either 
I'A or 2'/4 rope turns, depending upon whether or itol 
the rope comes oiT Ihe lop (I '/i turns) or the bottom 
(2'/i turns) of the cathead. Il b geiieiaUy known and 
accepted that 2V4 or mote rope turns coosideraUy 
impedes tlie (all of the hammer and should not be used 
to perfonii the lest. The cathead rape dioukl be main­
tained in a iclalivdy dry, clean, and unfiayed condition. 

7.4.2.4 For each hammer blow, a 30-in. (0.76-
m) lift and drop shall be employed by the oper­
ator. The operation of pulling and throwing the 
rope shall be performed rhythmically without 
holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. 
Record the percent recovery or the length of 
sample recovered. Describe the soil samples re­
covered as to composition, color, stratification, 
and condition, then place one or more repre­
sentative portions of the sample into sealable 
moisture-proof containers (jars) without ram­
ming or distorting any apparent stratification. 
Seal each container to prevent evaporation of soil 
moisture. Aflix labels to the containers bearing 
job designation, boring number, sample depth, 
and the blow count per 6-in. (0.1 S-m) increment. 
Protect the samples against extreme temperature 
changes. If there is a soil change within the 
sampler, make a jar for each stratum and note 
its location in the sampler band. 

8. Report 
8.1 Drilling information shall be recorded in 

the fidd and shall include ihe following: 

8.1.1 Name and location o., 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 
8.1.4 Weather conditions, 
8.1.3 Date and time of start and finish of 

boring, 
8.1.6 Boring number and location (station 

and coordinates, if available and applicable), 
8.1.7 Sufbce devation, if available, 
8.1.8 Method of advandng and cleajiing the 

boring, 
8.1.9 Method of keqiing boring open, 
8.1.10 Depth of water surface and driHing 

depth at the time of a noted loss of drilling fluid, 
and time and dale when reading or nolation was 
made, 

8.1.11 Location of strata changes, 
8.1.12 Size of casing, depth of cased portion 

ofboring, 
8.1.13 Equipment and method of driving 

sampler, 
8.1.14 Type sampler and length and inside 

diameter of barrel (note use of liners), 
8.1.15 Size, type, and section length of the 

sampling rods, and 
8.1.16 Remarks. 
8.2 Data obtained for each sample shall be 

recorded in the field and shall indude the follow­
ing: 

8.2.1 Sample depth and, if utilized, Ihe sample 
number, 

8.2.2 Description of soil, 
8.2.3 Strata changes within sample, 
8.2.4 Sampler penetration and recovery 

lengths, and 
8.2.5 Number of blows per 6-in. (0.1 S-m) or 

partial increment. 

9. Prcdskw and Bias 

9.1 Variations in JV-values of 100 % or more 
have been observed when using diflierent staiul-
ard penetration test apparatus and drillen for 
adjacent borings in the same soil fomuuion. Cur­
rent opinion, based on fidd experience, indicates 
that when using the same apparatus and driller, 
AZ-values in the same soil can be reproduced with 
a coefllrient of variation of about 10 %. 

9.2 The use of faulty equipment, such as an 
extremdy massive or damaged anvil, a rust) 
cathead, a low speed cathead, an old. oily rope 
or massive or pporiy lubricated rope sheaves can 
significantly contribute to difTerences in Mvaluct 
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Stahdaid PracMc—for 
PRESERVINQ AND TRANSPORTING SOIL SAMPLES' 

1.1 Dt aO^ttt fltCtbOdS l o t 
•qfl iaaqriw iaJDwdkiaiy • ! !« they 

IB llw field and *̂̂ *̂ "*|****¥«** 
lof umapit iBg i ad *'«'«^««'j the 

l i Thctt pnctioes may indude the haadhng 
^ naBspiorting of soil sainples oontaminaled 
^ hnwdous matoials and sunples wtgect to 
gg0IUItIOei 

I I A S m SUKdardt: 
0430 RiOTWiimwKled Pnctke for Invati-

galiag and SuBpliag Soil and Rock for 
- Ftut* **fl PupcMCs • 
D l4S2 Pnctke for Soil Invcatigatioa and 

<ampiiii» by A u n r Borian* 
D 1386 Method for Penetration Test and 

Split-BamI Samjpliiig.of Soils' 
D1387 Practice for Thin-Walled Tube Sani-

pliiig of Soils' 
D 2488 Practice for Description and Identifi-

catiqn of Soils (Visual-Muiial PrapBdiiie)* 
D 33S6 P n ^ o e for Ring-Lined Band Sam­

pling of Soils* 

T TiMiai j iif 1 

3.1 The various methods are given under four 
groupings as follows: 

3.1.1 Giroiyi4—Samples for which only gen­
eral visual iitentificaiion is neoeaaary. 

3.17 Cfwy J^Samples for which only wa-
ttr content and claiiification tcm. Proctor and 
idaiive denaity; or profile logging it icquirad, 
and bulk samples that will be remolded or 
compacted into specimens for swell preasore, 
percent swell, consolidation, permeability, 
shear testing. CBR. subilometer. etc 

3.1 J G m f C—Intact, nataraUy fomed or 
field ftbiiBatedi —•[•*•• foe ( 

or for nsaD 

cyclic leMiag. 
3.1.4 G m y /> Samplri that a n fiagik or 

highly acBitiiTC for which lettsinOfOBpC ase 

3 2 The aHthod(s) to be used should be in­
cluded in Ihe praject specifications or defined 

4 fiHgailliiiiiaBiUae 
4.1 Use <rf the various methods in thcaeprac-

tioes is depeadem on the t j ^ of sampksi ob-
lained. the n p e of «—tjM g ^ fjm/^ggpM 
properties rBqiiirad, Ihe fragility and sensitivity 
of the soil, and Ihe dtmatic oondiiioas. In aU 
cases, the prinaiy purpose is to preserve the 
dcsiied lUMnBt cosditionai. 

4 2 The methods pnaeniadittihesepraoiioes 
swee priinatily devdoped for soil tsmplei that 
arc to be tested for eugMteemgpiwpenieSthow-
ever. they may be applicabie for samples of sml 
and other matetiab oNained for other pnr-

5.1 The type of matenUs and containers 
depoid iipon the oonditidns and re-

• I t a t p n t H o c u n n H » dw jnntdicbOB or ASTM Com-

farSoiilB«ai 
Cuncmed 

I9SX 

•BeOISMaat 
jsanooi. 
ilioa«pRX«d 

'Aiumat Book €fASTM i 

k a i M f ^ ••l ia«l r a U T e r t ^ 

>»i«i»irfi.V(<04JS. 



quiremeau listed luder the four groupings A 
to D in Section 3 and also on the climate and 
transporting mode and distance. 

3.1.1 5<att^iraz.incfaidcsniicroa>sulline 
wax. jparaiBn. beeswax, ocresine, camaubawax. 
or oombiaatioas ibereot 

3.1.2 Mc(all>Ubkab0BtM«iB.(2mm)thick 
and having a diameter slightly less than the 
inside diameter of (he tube, liner, or ring and 
to be used in onion with wax or caps and tape, 
or both. 

3.1.3 IfoMf iMifa; prewaxed. I in. (23 mm) 
thick, and having a diameter silghily less than 
the inside diameter of the liner or lube. 

3.1.4 Tape, dthcr walCfproof plastic, adhe­
sive frictioii, or diict tape. 

5.1.5 Oww»ffor».tobe used in union with 
wax in alternate layent. 

3.1.6 C^pi; cither plastic rubber, or incial 
to be placed over Ihe cods of tbin-walled tubes, 
liners, and rings, in union with tape or wax. 

3.1.7 Awften; used to seal the ends of sam­
ples within thin-walled tubes. 

NOTE i—Plawc omindsMe naekcn arc pic-
CEired. Mcul cxpOMfaMe pMten wd ojually well: 

tfonge may caate oonoaioo 

5.1.8 Jars, widc-moutbed. with rubber-
ringed lids or Uds lined with a coated paper 
sed and of a stae to comfortably receive the 
sample, oommoaly H pi (230 mLX I pi (300 
mL), and quart si»d (lObO mL). 

3.1.9 Bag, dlher plastic burlap widi liner, 
burlap; or dolh type. 

3.1.10 FodUi^g—Material to protect against 
vibration and shock. 

5.1.11 InamUtttom, cither granule (bead), 
shed, or foam type, to liesisl tempenture 
duuge of soil or lo prevent liecaing. 

3.1.12 Sampte CiAt Boxit, for transporting 
cube (Hock) sampica and coastruaed with H 
to Via. (13 to 19-mm) thick plywood (Marine 
•ype)̂  

3.1.13 Cylin**MfSlaM7lrCMKaiMrs; some­
what larger in dimmsinn than the thin-walled 
tube or liner samples, such as cylindrical froini 
food cartons. 

3.1.14 SUffbig Comubun. dther box or cy­
lindrical type and of proper ooastrtiction to 
protect against viteaiion. shock, and the de­
ments, io ihe degne required. 

Non }—"nclBagd^giilh, aod wtigbl icsriaioni 
for coiDBcnial uaaaponatioa muai be considered. 
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5.1.15 Idem^atUmMaierial-Thisiaduaei 
the necessary writing pens, ugs. and labels to 
property identify the sampMs). 

i . PrcoMttona 

6.1 Preserving and transpurtittg util sampla 
may involve contact with hazardous maieriats. 
aperalians. and equipment. It is Ihe responsibiliiy 
of whoever uses this standard to consult and 
establish appropriate safety and health proclicn 
and to determine the applicabiUty of regulatory 
limiuuions prior lo use. 

62 Spedd instructions, descriptions, and 
marking of containers must accompany aa; 
sample that may indude radioactive chemical, 
toxic or other contaminant matwial. 

6L3 Intentau ttanapottation containmew, 
storage and disposd of soil samples obtained 
fion certain areas within the United States aad 
dw iranaportatiott of foreign soils inu> or 
dmmgh the United Sutes are subjea to regii-
lations established by the U. S. Dept of Agri­
culture, Aninul and Plant Hedth Service, Plaai 
Protection, and <)uarantine Programs, and pos­
sibly to regulations of other Federal, state, or 
locdageadea. 

7.1 All &m/i/<s—Property identify sampto 
with tags, labels, and markings prior to tian» 
porting them as follows: 

7.1.1 Job name or number, or both. 
7.1.3 Sampling date. 
7.1.3 Sample/boring number and locatiea, 
7.1.4 Depth or elevation, or both, 
7.1.3 Sample brientatioit. 
7.1.6 Spedd shipping or teboratoty l i» 

dling instructions, or both, induding sanflt 
orieniatian.and 

7.1.7 Penetration test dau. if applicable. 
7.2 Grm^A: 
7.2.1 Transport samples in any type of 0"*' 

taincr by way oi any available traasporU^ 
if transported cominercially, the coniaincr ncv 
oikW meet the n*iftin>iin> requirements of ''^ 
transporting agency and any other req«i>*' 
ments necessary to assure against sample lo*' 

7.3 Group B: 
7.3.1 These samples sbatt be preserved *" 

transported in scaled, moistureproof ^ 
laineis. All oootainers shall be of s»^^|^ 
thickness and strength to assure against ' " ' ' L 
age. The container types indude: plastic W 
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or pails, glass or plastic (provided they are 
wateiprooO jars, thin-walled tubes, liners, and 
rings. Cylindricd and cube samples may be 
wrapped in suitable plastic Shn or duminum 
foil, or both, (Note 3) and coated with sevcrd 
layers of wax. or sealed in several layers of 
cheesedolh and wax. 

7.3.2 These samples may be transported by 
any available iraasponatiott. They may be 
shipped as prepared or placed ia larger ship-
ping containers, indnding bags, cardboard or 
wooden boxes, or barrels. 

Non 3—Some aoib nay cune boles b> devdop 
I alumiBUB lUI, doc 10 eotraciaa. Avoid dinci 

aonucl when advene cflbclt 10 lampie ooapaeiiioa 

7.3.3 Mastk Bagt-Thc plastic bags should 
be placed as tigluly as poaattjle around the 
saniplc squeedagont as much air as poasibie. 
Tbey shall be 3 mil or thicker U> prevent leak­
age. 

7.3.4 Oau-nastie Jars—It the jar lids are 
not rubber ringed or lined with new waxed 
paper seals, the lids must be sealed with wax. 

7.3.3 nwic/W{»-irthc plastic pail lids are 
not air tight, they miist be sealed with wax. 

7.3.6 TMfHVdWTbtet; 
7.3.6.1 ExptmdabUFaekdn-rtttpi^tmd 

method of sealiBg sample ends within tubes is 
widi plastic expandable packets. 

7.3.6.2 W'ax wA* INi;kf-For short-term 
•caling. paraffin wax is acceptable. For long-
term snding (in caeca of 3 day*), uae micro-
ciystallitte waxes or combine them with up to 
IS % beeswax a rodn for better adherence to 
the wafl of the Uihe and to reduce shrinkage. 
Sevcrd thin layer* of was are ptefewed over 
one thick layer. The minimnm foul thickness 
duUbea4in.(IOmmX 

7.3.«J End Cqpt-Metal, rubber, or pfortic 
cad caps ahouM be sealed with tape. For fopg-
lom storage (longer than i day), tbey shall 
*ho be dipped in was, applyiag two or more 
hyers. 

7J4.4 Ckeaeehik and ffos—Alternating 
•syers (a minimum of two each) of cheesedolh 
""d wax may be used to sed each end of the 
lube and atabilite the sample. 

Nora 4—WliercDCC(iMiy.v*cenorammpnsic 
P*4ta| muerial. o* bodt, auw be piacedTpnar 10 
2 ^ the mbe eadila peovide Ihe proper ooafiae-
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' 3 7 LmtnandlUngx 
'3.7.1 Refer to 7.3.6.3 or 7.3.6.4 

7.3.8 Ej^sedSamphs: 
7.3.8.1 CyUndrkal. Cubical, or Odter Sam-

pUs Wrapped in Pbutic, such as polyethylene 
and pdypmpytene or foil should be fbrther 
protected with a minimum of three coots of 
wax. 

7.3.8.2 CyttndriaU and Cmbe San^kt 
Wtofptd In CkemMk and Wax. diall be 
sealed with a minimum of three layera of nch. 
ptaoed alternately. 

7.3.8.3 CarrM Sanfrfet ffVosM Food Car-
/mul—Samples placed in these omtaineis must 
be situated so that wax can be poured com­
pletely around the sample. The was should fill 
the void between the aample and oiwtainer 
wall Generally, the samples should be wrapped 
in plasiic or foil before being SHiromMled with 
wax. 

7.4 Gnmf C: 
7.4.1 These samples must be preserved and 

sealed in oontainers as opveied under 7.3, In 
addition, they must be' fvotaded against vibra­
tion and shock and protected firom extreme 
heatorooU. 

7.4.2 Samples transported by the sampling 
or teaiing agdicy pentmnd on automobile and 
truck cab seats need cmly be placed in catd-
boaid boxca or simihv oooiaineia into which 
the sealed samples fit saugHy preventing bump­
ing, rolling, dropping, etc 

7.4.3 For all other methods of tranapoitBQ 
samplea, including bus, pnvd services, inMk, 
boat, air. etc, it will be neoeasaiy to plM» dw 
sealed samples in wood, metal or other type of 
suitable shipping oonlainen that provide enab-
iooiag or insulation, or both, for iMGh sample 
and oontaincr. Traasponiag by any agency 
whose handling of oonlaioerB is su^wc* dwH 

7.4.4 The cushioning mateiid(sawdasl,nib-
ber, polystyniM, umhane foam, or maierid 
with similar leailienqr) shonU cooiplMdy ca-
caae each aaaqile. The cushiooiiv between Ihe 
samples and walls of the shippiog oootaiaen 
ahnnld h a w » •«•«—y^ilf |htT»if«a « f I ia. ( M 

mm). A minimum thickness of 2 in. (50 mm) 
sbatt be provided on Ihe container floor. 

7.4.3 When neoeasaiy, the sanqiles should 
be shipped in Ihe same podlian in wUdi they 
were sampled. Othetwiac spedd conditioas 
shall be provided such aa OacBBg, ooatraOed 

binaiion theaaoi; or the aoiL 
7 J Gmy 0 ; 

721 



^ 04220 04220 
7.3.1 The requirements of 7.4 must be met. 

pina the following: 
7.3.1.1 Samples should be handled in the 

same orientation in wfaicb they were sampled, 
including during ' i f p " * ' * " " or shipping, 
with appnptiaie maifcingion the shipping oon-

7.5.1.2 For aSoMdcs of private or commer-
d d t*a*iTrw?******'iy, the loatfnfc tranfpi?**i''Bi 
gull trnnU^M â of 1 ^ shipment contaiiwrs 
should be supervised as much as possible by a 
qualified peraon. 

Nora 3—AqoalifiadpcnoawaybeaBi 

ponon dattgnated fay the praject i 
7.6 SifcjBpt^gCiiiiMfiwri -SecFjgs. 1 to6for 

typicd containen. 
7.6.1 The foUowing feaiutes should be in-

dnded in the dadgn of Ihe I 
forOnupaCandD. 

7.6.1.1 It should be rsuaeabfe, 
7J6.I.2 II should be oonalrucied so that the 

I be maintained, at all limea, in the 
1 sampled or packed, or 

7.6.U II I 

fium Ihe advermcffcclaofvilnatioaaiMl shock. 

7.6.1.4 It 
maierid lo pnvcnt 

7.6L2 WoodShlfplngi 
7J6XI Wood is pf^enedover aselaL Out­

door (Marine) plywood having a thirkneu of 
H to % in. (131019 mm) may be used. The top 
(cover) should be hiagad and lalched or fos-

7.6J.211ie 
grven under 7.4.4L 

7.6JL3 ForpemacliaBagainatfleeshigorcK-

insulstsBu thicknemaf 2 in. (30 mm). 

7.6.3 Metal Shying Containen: 
7.6.3.1 The m ^ shipping containers must 

incorporate niihinning arid insulation material 
to "«ii«ifnm ihicknetifs covered under 7.6.2. 
although slightly greater thicknesset would he 
appropriate. Altemaiivdy. the cushion diea 
could be achieved with a spring suspensaon 
system or any other means that would provide 
similar protection. 

7.6.4 S^/rtne SUppli^ Contatners: 
7.6.4.1 Bulk Siyrtne, with slott cut to ihe 

dimenaionsoribe sample tube or liiwr. A pn>-
tedive outer box of plywood or reinforced cnrd-
boaid is iwiunmrnded 

7.6J Oiker Conlatnen: 
7.6.3.1 Conidnen constructed with lami-

natcdfibetfaoard, plastic, or ranforcedcardboaid 
outer waBs, and properly lined, may also be used 

i . Reped 

8.1 The dau obtained in the field shall k 
recorded and shaU include the following: 

8.1.1 Job name or number, or both, 
i.12 Sampling daic(s), 
8.U Saa^/bor ing munbei(s) and loca-

tioeit). 
8.1.4 Dep*h(B) or devaiion(s). or both, 
8.1.3 Sanqileatienuiion, 
8̂ 1.6 Oroand water obaorvation, if any, 
8.1.7 Method of sampling and penctratie 

5.1.8 Saaqdedimcuiaub 
8.1.9 Soil deacription (see Practice D2488)i 
811.10 Namw of lerhnifian/crewnMn.engi­

neer, psqiccs tUtS, etc, 
8.1.11 Weathereondiiiooiband 
8.1.12 General remarks. 

9.1 Them pradism pnrvide qualitative aarf 
general information csdy, iherefore a I 
f»A et*ninwY t t f ti'iiTT**t H not applicafale-

Top ft botton oust be screwed 
into place (top nay be hinged 
and latched). 

4" (102 nn) Dia. Hole 
M holes each, top ft 
bottom dividers) 

\ / 2 ' (13 on) Dia. Rope 
Handle (one this side 
t one opposite side) 

HinlniBi of 7 nails In 
each long edge (preferably 
also glued with «aterpraof 
glue) 

Padding 
*•' (102 nn) of urethane foao 
(or e(]uivalent) in the bottom 
of the box. I* (25 on) around 
the ttibes and on top. 

Haterjal 
f /«" (19 m) thick plymod 
(exterior grade) 

10" 
(254 m) 

nc. I i i i i i »aa«a«3^(TU—)i^-wma<T^» 
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(a) Photo o f Open Box For S" (127 mm) Tubes 

iw r i M M i i - V 

(b) Top View 
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(c) Front View 

I" 

t -̂P T 1"^ 
(d) Side View 

-Topaad beooa baha an idcMical. 
n C . 1 ^Hiiai «IM|alHCn«nl»nlatM«.f»Ha»nH».Waa^T«b»i 
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(a) SS-gallon (0.21 »*) o i l bariiels 
with sections of styrofoaa Insula­
t i o n ; Melded haiidles on each side. 

18 Gauge Galvanized Steel 
r X 11" ( 2 5 a n x 38 m ) 

Semi Sniiige ibibber 
1* (2SaB) top aod a l l side 
surfaces; o r , 2 1 ' (64 oa) 
insulation.; 

3/4- (19 on) Binding Steel 

3- (76 na foam nibber over base; or 
1 ' (25 nn) foam rubber and 2)- (64 en) 
Insulation over base. 

nC. S T i ^ l ' i f " ! i f i I b i iU l i i i I T I 1 II ni 1 

(b) Sane as (a) shoulng barrel ready 
for shipment. Steel l i ds bolted 
on to provide t i gh t seal. 

N o i > - T ^ in. (SI aam) oT Ibn I 
iitop<irih(aibca,aadihar 
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l lt ioi ial Isy t . . of cheese 
and warn rubbed wax 

are required to seal 
the sample. 

-One thickness of cheese cloUi 
Is placed against so l i , fol low 
by an appi (cation of wann was, 
nibbed by hand. 

A. METHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES 

F i l l space between sealed 
saaiple and box u l t h moist 
sawdust packed to support 
sample. 

8. ENCASE EASILY DISTURBED SAMPLES IN BOX PRIOR TO CUTTING 

Box constructed wi th 1/2"-3/4" ( 13 - 19 mm) exter ior plywood. 

n c . « PiapwIaiaedPmi^ial 

n « Amm*tm Sattm/fm Tltb% c 
\.<»mKt^\\*^m«fitammmmmtttiitlamaBdlmdLVmtafiA\*Mlm4^* . 

9far rttiiton afttot ••adow^^y < 
Seo t̂pawn. r«ar«——•ewgiwrta iw^nwaM—«lMaieaiad>||af^ 
ooad Vftmlmltmtvm nawaiinjtifcw—rieiwOMifa/ht ftanaw • • • * » * 
e t i niiw<i.i9ldilai»A..Wilaii| l lfcPfc iWOt 
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Designatiim: u ^113 - 83 

Standard Practice for 
DIAMOND CORE DRILUNG FOR SITE INVESTIQATIONr 

Tlas standard n hsucd under Ihc futed drtignation D 211.1; Ihe numtier imnKdiately falhHniv the dnisnMinti indicatei the year of 
original adoption iw. in Ihe case of rrviaion. tlie year of last lewisioii. A numhcrin parentheaesiadioUcilheyceroriaslrcapproval. 
A iiipersrrT|]l efistlon («) indirales an edilonal clumgr since the last revision or iea|j|jroval. 

1. Scope 

1.1 This praclicc describes equipment and 
procedures Tor dianinnd core driHing to secure 
core samples of riK-k and siimc soils that arc too 
hard to sample by soil-sampling methods. This 
method is described in ihe context of obtaining 
data TOT roundation design and geoterhnicalen-
gineefing purposes ralhcr than for mineral and 
mining exploration. 

2. Applicable Docnments 

2.1 ASTM Standards: 
D1586 Method for Pcnetiation Test and Split-

Barrel Sampling or Soils' 
DI587 Praclicc for Thin-Walled Tube Sam­

pling of Soils' 
D3SS0 Practice for Ring-Lined Barret Sam­

pling of Soi Is' 

}. Significance and Use 

3.1 This practice is used to obtain core speci­
mens of superior quality that rellect the in-situ 
conditions of the material and structure and 
which are suitable for standard physical-proper­
ties tests and structural-integrity determination. 

4, Apparatus 

4.1 Drilling Machine, capable of providing ro-
Uiion, feed, and retraction by hydraulic or ine-
dianical means to the drill rods. 

4.2 Fluid Pump or Air Compressor, capable 
of delivering suflicienl volume and pressure for 
die diameter and depth of hole to be drilled. 

4.3 Core AnnrAs as required: 
4.3.1 Sirigle Tube Type, WG Design, consist­

ing of a hollow steel tube, with a head at one end 
threaded for drill rod. and a threaded connection 
for a reaming shell and core hit at the other end. 
4 core liner, or retainer located within ihc core 

bit is normal, but may be omitted at the discre­
tion of Ihe geologist or engineer. 

4.3.2 Ihmhie Tuhe, SwivH-Tyiie, I IO lie-
.•sign—An assembly of two concentric steel lubes 
joined and supported at the upper end by nicaif s 
of a ball or roller-bearing swivel arranged to 
permit rotation of the outer tube without causing 
rotation of the inner tube. The upper ehd oi the 
outer lube, or removable head, is threaded for 
drill rod. A threaded conniection is provided on 
the lower end of the outer tiibe for a reaming 
shell and core bit. A core lifter todited within the 
coie bit is normal but may be omitted at the 
discretion of the geologist or engineer. 

4.3.3 Double-Tube, Swivei-Type, l^T Design. 
is essentially (he same as the double tube, swivel-
type. WG design; except that the WT design has 
thinner tube trails, a reduced annular area be­
tween Ihe tubes, and takes a larger core from the 
same diameter bore hole. The core lifter is located 
within the core bit. 

4.3.4 Double Tuhe. Swivel Type, WM Design, 
is similar to the double tube, swivel-type. WG 
design, except that Ihe inner tube is threaded at 
its lower end to receive a core lifter case that 
effectively extends the inner tube well into the 
core bit. thus minimizing exposure of the core to 
the drilling ftuid. A cote lifter b contained within 
the coie lifter case on the inner tube. 

4.3.5 Double Tube Svriy^-Type. Large-Di­
ameter Design, is similar to the double tube, 
swiveMype. WM design, with Ihe addition of a 

' This laactice b uadei die i i n i i A i i a a of ASTId Commitlce 
D- i ( on Son and Ract and n the dinct icniamitdity of 
Suheaniniittcr D i l . 0 2 on SamaCm and Retaed Fiekl Tcsliag 
for Soil Iniul igat iuiu. 

Current edition a w u » t d JniK 24,1913. Pufelislied Avgnsi 
198.V Ofigiially pubiUad M D 2113-62T. Laa larriaas edi­
tion D 2113-70(19761. 

' AMimal B n , * afA-^Tt l S a i t M t . Vol 04 OS. 



ball valve, lo control fluid How. in all three 
available sizes and the addition of a sludge barrel, 
to catch heavy cuttings, on the two laiger sizes. 
The large-diameter deugn double tube, swivel-
type, core barrels are available in three core per 
hole sizes as foUows; 2% in. (69.S5 mm) by 3% 
in. (98.43 nun), 4 in. (101.6 mm) by 5Vi in. 
(139.7 mm), and 6 in. ( ISZ4 mm ) t v 7 ^ in. 
(196.85 mm). Their use is generally reserved for 
vety detailed investigative work or where other 
methods do not yield adequate rccnveiy-

4.3.6 Double Tube. Svrivel-Type. Retrievable 
Inner-Tube MethtxL in which the core-laden in­
ner-tube assembly is retrieved to the surface and 
an empty inner-tube assembly returned to the 
doe of the borehole through the matching, laige-
bore drill rods without need for withdrawal and 
replacement of ihi; drill rods in Ihe borehole. The 
inner-tube assembly oonsitts a t an inner tube 
with removable core lifter case and core lifter at 
one end and a removable inner-tube head, swivel 
bearing, suspension adjustment, and latching de­
vice with release mechanism on the opposite end. 
The inner-tube latching device locks into a com­
plementary recess in the wall o f the outer tube 
such that the outer tube may be rotated without 
causing rotation of Ihe inner tube and such that 
Ihe latch may be actuated and the inner-tube 
assembly traupoTled by approptiate suiibce om-
troL The outer tube is threaded f(v the matching, 
buge-bore dril l rod and internally configured to 
receive the inner-tube latching device at one end 
and threaded for a reaming sheli and bit, or bit 
only, at the other end. 

4.4 Longitudinally Split Imer Tubes—Aao^ 
posed to oonventiooal cylindrical inner tubes, 
allow inspection of. and access to, the core by 
simply removing one of the two halves. Tbey are 
not standardized but are available for most core 
barrels including many of Ihe rcliievable inner-
tube types. 

4.5 Core Sits—Core bits shall be surface set 
with diamonds, iropreguited with small diamond 
paitides, inserted with tungsten carbide slugs, or 
strips, hard-faced «vith variousi hard surfiunng 
materials or ftimiahed in saw-tooth form, all as 
appropriate to (he formation being cored and 
with concurrence of the geoldgisi or engineer. Bit 
matrix material, crown diape, water-way type, 
location and number of water ways, diamond 
size and carat weight, and bit facing materials 
shall be for general purpose use unless otherwise 
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approved by the geologist or engineer. Nominal 
size of some bits are shown in Table i . 

Nora I—Size designation (leUer symbols) used 
Ihroughout Ihe text and in Tables I. 2. and 3 ate dwse 
slandanlized by the Diamond Cone Drill Manubdur-
en' Assoc. (OCDMA). Inch dimensions in the tables 
have been rounded to Ihe nearest huodredth of an indL 

4.6 Reaming Shells, shall be surface set with 
diamonds, impregnated with small diamond par­
ticles, inserted with tungsten carbide strips or 
slugs, hard &ced with various types of hard sur­
facing Ruiterials, or furnished blank, all as appro­
priate to the formation being cored. 

4.7 Core Lifters—Con lifters of the split-ring 
type, either plain or hard-bced. shall be furnished 
and maintained, along with core-lifter cases or 
inner-tube extensions or inner-tube shoes, in 
good condition. Basket or finger-type lifters, to­
gether with any necessary adapters, shall be oa 
the job and available for use with each core band 
i f so ditected by the geologist or engineer. 

4.8 Casings: 
4.8.1 Drive Pipe or Drive Casing, shaU be 

sundaid weight (schedule 40), extra-heavy 
(schedule 80), douUc extra-heavy (schedule 160) 
pipe or W-design flush-joint casing as requited 
by the nature of the oveitiurden or the placeineol 
method. Drive pipe or W-design casing shall be 
of suflident diameter to pass the laigest one 
barrel to be used, and it shall be driven to bed 
rock or to firm seating at an elevation bdow 
waler-sensitive formation; A hardened drive shoe 
is lo be used as a cutting edge and thread proieo-
tion device on the bottom of the drive pipe or 
casing. The drive shoe inside diameter shall be 
large enough to pass the tools intended for use, 
and the shoe and pipe or casing shall be ftee ban 
buns or obstfuctions. 

4.8.2 Casing—When necessary to case 
through formations already penetrated by die 
borehole or wrhen no drive casing has been tO, 
auxiliary casing shall be provided to fit inside the 
borehole to allow use of the next smaller a m 
barrel. Sundard sizes of telescoping casing m 
shown in Table 2. Casing bits have an obstfucliaa 
in their interior and will not pass the next smaikr 
casing aze. Use a casing shoe i f additional tdci 
coping is anticipated. 

4.8.3 Casing Liner—Piasiic pipe or sheet 
metal pipe may be used to line an existing bqa-
diameter casing. Liners, so used, should nut ht 
driven, and care should be taken to maintain trar 

alignment ihroughout the length of the liner. 
4.8.4 Hollow Stem /4i(«r(r—Hollow stem au­

ger may be used as casing for coring. 
4.9 Dri l l R,Hk: 
4.9.1 Dri l l Rods i^Tubular Steel Cimslructton 

are normally used to transmit feed, rotation, and 
retraction forces from the drilling machine to the 
core barrel. Drill-rod sizes that are presently 
standardized are shown in Table 3. 

4.9.2 Large bore drill rods used with retrieva­
ble inner-tube core barrds are not standardized. 
Drill rods used tvith retrievable inner-tube core 
barrels should be those manufactured by the 
core-baml manufacturer specifically for the core 
barrel. 

4.9.3 Composite DriU Rods are specifically 
constructed from two ot mote matoials intended 
to provide specific properties such as light weight 
or electrical nonconductiviiy. 

4.9.4 Nonmagnetic Dri l l Rods ate manufac­
tured of nonfcrrous materials such as aluminum 
or brass and are used primarily for hole survey 
work. Some nonmagnetic rods have left-band 
threads in order to further their value in survey 
work. No standard exists for nonmagnetic rods. 

4.10 Auxiliary Equipment, shall be furnished 
as required by ihe work and shall indude: roller 
rock bits, drag bits, chopping bits, boulder bust-
m, fishtail bits, pipe wrenches, core barrel 
wrenches, lubrication equipment, core boxes, 
and marking iJevices. Other recommended 
equipment includes: cote splitter, rod wicking, 
pump-out tools or extruders, and hand sieve or 
nrainer. 
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be permanently marked on the «,..dde to indi­
cate the top and the bottom. AO other core boxes 
must be permanently marked on the outside to 
indicate the top and the bottom and additionally, 
must be permanently marked internally to indi­
cate the upper-left corner of the bottom with the 
letters UL or a splotch of red paint not less than 
1 in.'. Lid or cover fitting(s) for core boxes must 
be of such quality as to ensure against mix up of 
the core in the event of impact or upsetting of 
the core box during transportation. 

5.2 Transportation ofcores from the drill site 
to the laboratory or other processing poiiit shall 
be in durable core boxes so padded or suspended 
as to be iscdated from shock or impact transmit­
ted to the transporter by rough terrain or careless 
(qicialion. 

5.3 Storage of cores, after initial testing air 
inspection at the laboratory or other processing 
point, may be in cardboard or similar less costly 
boxes provided alt layout and marking require­
ments as spcdficd in 5.1 are followed. Additional 
spacer blocks or iriugs shall be added i f necessary 
at time of storage to explain missii^ core. Cons 
shall be stored for a period of time specified by 
the engineer but shouM not normally be dis­
carded prior to completioh of the project for 
which they were taken. 

S. Transportallaa and Storage of Core Con-

5.1 Core Bo.fes. shall be constructed of wood 
or other durable material for the protection and 
Aoiage ofcores while cnrouic from the drill site 
to the laboratory or other processing point. All 
core boxes shall be provided with longitudinal 
tqarators and recovered cores shall be laid out 
at a book would read, from left to right and top 
to bottom, within the longitudinal separators. 
Spacer blocks or plugs shall be mariied and in-
mtcd into the core column within the separators 
to indicate the beginning of each coring run. The 
beginning point of storage in each core box is ihe 
epper left-hand comer. The upper left-hand cor­
ner of a hinged core box is the left comer when 
Ihe binge is on the far side of the box and Ihe 
box is rigiil-side up. All hinged core boxes must 

6. Procedure 

6.1 Use core-drilling procedures when for­
mations are encountered that are too hard to be 
sampled by soil-sampling methods. A l-in. (25.4^ 
mm) or less penetration for SO Wows in accord­
ance with Method D 1586 or other criteria estab­
lished by thc.geologist or engineer, shall indicate 
that soil-sampling methods are not applicable. 

6.1.1 Seat the casing on bedrock or in a firm 
formation to prevent ravding of the bordiole 
and lo prevent kiss of drilling fluid. Levd the 
surface of Ihe rock ot hard formation at the 
bottom of the casing when necessary using the 
appropriate bits. Casing may be omitted i f the 
borehole will sund open without the casing. 

6.1.2 Begin the core drilling using aii N-size 
double-tube swivd-type core band or other siiee 
or type approved by the engineer. Continue core 
drilling until core blockage occurs or until the 
net length of the core barrd has been drilled in. 
Remove Ihe core barrd from the hole and disas­
semble it as necessary to remove the core. Reas­
semble Ihe core barrd and return it to Ihe hole. 
Resume coring. 
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6.1.3 Place the recovered core in the core box 
with the upper (surface) end of the core at the 
upper-left comer of the core box as described m 
5.1. Continue boxing core with appropriate 
markings, spacers, and blocks as described in 5.1. 
Wrap soft or friable cores or those which change 
materially upon drying in plastic film or seal in 
wax. or both, when such ireatownt is required by 
the engineer. Use spacer btodo or slugs properly 
mariced to indicate any noticeable gap in rc-
coveied core which might indicate a change or 
void in the formation. Fit fracture, bedded, or 
jointed pieces of core together as they naturaUy 
occurred. 

6 1.4 Stop the core drilling when soft mate­
rials are encountered that produce less than 50% 
recovery. If necessary, secure samples of soft 
materials in accordance with the procedures de-
srribed in Method D 1586. Practice D 1587. or 
Practice D 3550. or by any other method accept­
able to the geolagist or engineer. Resume dia­
mond core drilling when refusal materials as 
described in 6.1 are again encountered. 

6 2 Subsurface stnicture, induding the dip of 
strata, the occurrence of seams, fissures, cavities, 
and broken areas are among the most important 
items to be deuwted and described. Take special 
care to oWain and record information about 
these features. If conditions iwrvent the contin­
ued advance of the core driUing, the hole should 
be cemented and redrilled. or reamed and cased, 
or cased and advanced with the next smaller-size 
core barrel, as required by Ihe geologist or engi­
neer. ^ . . 

6 3 Drilling mud or grouting techniques must 
be approved by the geologist or engineer pnor to 
thdr use in the borehole. 

6.4 Compatibility of Equipment: 
6.4.1 Whenever possible, core barrds and dnil 

rods shooW be selected firom Ihe same letter-size 
(tesignation to ensure maximum eflfciency. See 
Tables I and 3. ,. j •„ 

6 4.2 Never use a combination of pump, dnii 
rod. and core barrd that yidds a clear-water up-
hole vdodty of less than 120 ft/min. 

6 4 3 Never use a combination of air com­
pressor, drill tod, and core hand that yields a 
clear-air up-hole vdodty of less than 3000 ft/ 
min. 
7. Boring Log 

7.1 The boring log shaft include the following: 
7.1.1 Project identification, boring number. 

location, date boring began, date boring 
pleted, and driller's name. 

7.1.2 Elevation of the ground surface. 
7.1.3 Elevation of or depth to ground 

and raising or lowering of levd including tiK 
dates and Ihe times measured. 

7.1.4 Elevations or depths at which drilliag 
fluid return was kjst. 

7.1.5 Size, type, and design ofcore band used. 
Size, type, and set ofcore bit and reaming tbdl 
used. Size, type, and length of all casing used. 
Description of any movemcnte of the casing 

7.1.6 Length of each core run and the length 
or percentage, or both, of the core recovered. 

7.1.7 Geologist's or engineer's description of 
the formation recovered in each run. 

7.1.8 Driller's description, if no engineer or 
geologist is present, of the formation recoveied 
in each run. • , j 

7.1.9 Sobsuriace structure description, includ­
ing dip of strata and jointing, cavities, fissures, 
and any other observations made by the geologist 
or engineer that could yield infomiation reganl-
ing the formation. 

7.1.10 Depth, thickness, and apparent nature 
of the filling of each cavity or soft scam encoun­
tered, induding opinions gained from the feel or 
appeaiance of the inside of the inner tube whea 
core is lost. Record opinions as such. 

7.1.11 Any change in the character of the 
drilling fluid ot drilling fluid return. 

7.1.12 Tidal and current information whea 
the borehole is suffuaently close to a body of 
water to be aflected. 

7.1.13 Drilling time in minutes per foot and 
bit pressure in pound-force per square inch gage 
when applicabie. 

7.1.14 Notations of character of drilling, th* 
is, soft, slow, easy, smooth, etc. 

8. Piedskm and Accuracy 

8 I This practice does not produce numericd 
dau: therefore, a precision and accuracy statt-
ment is not applicable. 

NOTE 2—Inclusion of the following laMes and m 
of teller symbols in Ihe foregoing text is «>« imemW 
to limit the practice to use of DCDMA tools. The u * 
and text ieli»ences are included as a convenience » 
lite user since Itie vast m^rily of tools in use do mea 
DCDMA dimensionat suindards. SimiUrequipmenId 
appnoximaiely equal si/e on Ihe metnc standard sysen 
is acceplal* unless otherwise slipulaled by ihe enginen 
or geologist. 
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TABLE I Care Bit Sins 

Sin l lnigna-
ItOfl 

RW 
EW 
AW 
BW 
NW 
HW 
p w 

sw 
UW 

zw 

SiieDcsitna-
lion 

RW 
EW 
AW 
BW 
NW 
HW 

Size Dcsignalic 

RWT 

Ewr 
EWG. EWM 
AWT 
AWG. A W M 
BWT 
BWC, BWM 
NWT 
NWG. NWM 
2k X 311 
HWT 
I I W G . . . 
4 X 5Vi 
6 x 7 V i 

Outside Dianieicr 

in. mm 

1144 36 5 
I S I 46 0 
2 25 57 1 
28S 7 ) 0 
J30 »«9 
4 50 I M 3 
550 1397 
663 I6S.2 
763 1936 
«.63 219.0 

Rod and Couplins Outside Oi-
ainctei 

in. nun 

1.09 27.7 
I.3S 349 
172 43.6 
213 539 
2.63 66.6 
3.50 SB.9 

Outside Diameter 

in. 

1.16 
1.47 
1.47 
I.S8 
ISS 
2.35 
2.35 
2.97 
297 
3 ( 4 
389 
389 
344 
7.66 

1ABI.K 2 

nun 

295 
373 
37.3 
47.6 
47.6 
59.5 
595 
75.3 
75.3 
97.5 
988 
988 

138.0 
1944 

CaslagSbc* 

Inside Diameter 

in. mm 

1 19 
150 
191 
2.38 
300 
400 
5.0O 
600 
7.00 
(.00 

TABLE 3 

30.1 
3 ( 1 
4».4 
60.3 
76.2 

101.6 
127.0 
152.4 
177.8 
203.2 

OriOBoda 

Rod Inside Diameter 

in. 

072 
1.00 
1.34 
175 
2.25 
3.06 

mm 

1 (2 
25.4 
34.1 
44.4 
57.1 
77.7 

Inside Diameter 

in. 

0.375 
0.905 
0.(45 
1.281 
I K S 
1.750 
1.655 
2.313 
2 155 
2.69 
3.187 
3.000 
397 
5.97 

mm 

18.7 
22.9 
21.4 
32.3 
30.0 
44.5 
42.0 
58.7 
54.7 
68.3 
( 0 9 
76.2 

100.8 
151.6 

rhicadi per in. WiO fit Hole (MUed with 
C a c B i l S i i e 

EWT. EWG. EWM 
AWT. AWG. A W M 
BWT. BWG, BWM 
NWT. NWG. NWM 
HWT.HWG 
4 X S M 
6 x 7 K 

6 x n 

... 

C(wplinsBin.T]ifead> 

in. 

0.41 
0.44 
063 
0.75 
l .3( 
2.38 

mm pcri iL 

10.3 4 
I I I 3 
15.8 3 
19.0 3 
M.9 I 
60.3 ) 

nrAmrrkatSmelyfarTeaMtaiulMiurriablaliesmipristtiairnprtiuitlhetaiidUyafttitypaUrarigf^^ 
•M any Htm mttuiimedin this aamtard. V t m itfOris sundard ar t txfirtilyadnitd rim diltimaauiMtftkt i^UUytfimywdk 
/aumrighit, arut tht risk, of rr^ingrmtiil of such rights, art eiuMyilmr arm rapaaaMliiy. 

This standard is sidieei la nniskm or any time by iht rrsumsitdr lerhiiieal cvnauilut a rd natsi br rwtitwul t t t r y f i t yens aod 
4 rut rcfisid. eiiher reapprmtd or withdrawn. Your commmis are irmitd riihrrfbr rrnskm of this sumtard or Jar mUhimid 
aaidards and should br addressed to ASTM Headipianm. Tour cummetas will rtreier lanfid lousidrraiiam at a meiUng i f l ie 
rtvoasibleinhniialivmmiiier. which you may attrnd. If you/eel thai your eanmims h a t nalncilfid a f a r kearmg yam s h t M 
makeyvur news lawwn 10 Ihe ASTM Commiiirr an Standards. I9I« KacrSi.. rtilmlriftdiin ft. IMU. 
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snfMwii spscnmnon iw 
POLYCYIMYL CHLORIDE) (PVC) PLASTIC PIPE, SCHEDULES 
40, 80. AND 120' 

1.1 This gwdfication coven poly(viayl d i lo-
ride) (PVC) pipe made in Schedule 40, 80, and 
120 u c * and pRasuie-iated (at water (see Ap* 
pcndix). Induded aie critoia far daaoiyins PVC 
ptatk pipe maieriidi and PVC piaitic pipe, a 
system of nomendatuK for PVC pbutic pipe, 
n d itquiremenls and tett methods fortnatoiali, 
woriciBaniliip, dimenaioM, stwlBinwl picwnc, 
bunt picaHie, flattening and extfuaoa quality. 
Methods ttfinarking are alto given. 

1.2 The vahie* sated in inch-pound nnitt ate 
to be regarded at the standard. Tlie vahies given 
ia poentbean are for information only. 

1.3 t h e foUowing prrraiitipnaiy caveat pcr-
taias only to the t a t method ponton. Section 7, 
of this specification. This standard mtty i iavhe 
kazardaus materitib. opmuiims, and eqidpmtia. 
This suatdard does not purpart to adr tea a l l c f 
the sqfay proUemt assoeiatid with its use. i l is 
the responsibility qfthe iiser aft lus standard to 
establish appropriate st^lsy a i d keaiiA pmeiiees 
and determine the aadkttbi l i tyqf regidtuarylUni-
tations prior to use. A vecif ic pncaotionaiy 
natemeni is given in Note 6. 

NOTE l-47VCplasicpip(a.Sdieduies40and80. 
I in 

aadfcr details of bcUsdi 
d 3139 aadD 3212. 

covered by Spcdficaiioo F 441. Odoriaaiad My( Vikml 
Chkiride) (CPVC) Plastic Pipe. Seheduiea 40 r-H M f 

NOTE 2—Tbe t 
vuieiwats, and the i 
ne calculated from i 

!4 in. (100 am) I 
I pipe as taage as 24 in. (600 am) 
wn dHsa suca vahn io be valid for 

r PVC pipe. 
3—PVC pipe made to 

2.1 ASTM Standards: 
D6 I8 Methods of Conditioning P l u t i a and 

Electrical IiiHilating Maleiiab for Teains' 
D1398 Tea Method for line-To-Faflure o f 

Planic Pipe Uiider Cbaatun Intenial Pica-
sure' 

DIS99 T o t Method for Shnt-Ttme H ^ 
(faaolic Failine PRwire of Plaitie Pipe, Tub­
ing, and Fitt ingi ' 

D1600 Abbreviations of Terms Rdatiiig to 

DI784 SperiBcatioq for Rigid Poly(Viayl 
Chloride) (PVC) Compounds and Chlori­
nated Plaly(Vi|iyl Chlwide) (CPVQ Cbm-

D2I22 Method of I , 
ofThcnnoplanic Pipe and Fittiags' 

D2I32 test Method for Degne of Fuaion of 
Eitraded Pioiy(Vinyi CUoiide) Pipe and 
Moldiag Fittings by Acetone Immenion' 

D i m SpiBafication for Solvent Cement Joint 
Sodcett on BeUed PVC Presnie Pipe* 

aTASTMl 
iSltN4 

n7J5«aVia)(aaidP 
IOCLII.ISMLI 

l«86.(M(iMayi)aUi*id«Ol7tS.«aijai( 
o ins-a j " . 

' .twnaf sue* aT'lSTW andwdb^ Vol aa«L 
'.i—uf Sbolt i /ASni flandaa. Vd <»JI. 
'AmstI aaaliafASrM TIaifairt. VakOUN aaSMMi 
' ABoaf Aa* ̂ iUTV JtadMb; VeaiiajIS aad OUML 

ao 
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D2837 Method lor Oblainii« Hydrostatic De­
sign Basis for Tliermoplastic Pipe Materials' 

D J I J 9 Specification for Joints for Plastic P\KS-
sure Pipes Using Flexible Elastomeric Seals' 

DJ2I2 Specification for Joints for Drain and 
Sewer Flaslic Pipes Using Flexible Elasto-
meric Seals' 

F 4 I 2 Definitions of Terms Relating to Plastic 
Piping Systems^ 

2.2 Federal Standard.* 
Fed. Sid. No. 123 Mariung for Shipment (Civil 

Agencies) 
2.3 MUtary Standard* 
MIL-STD-129 Markiiv for Shipment and 

Sloiage 

3.1 Definitions: 
3.1.1 GenenU— Definitions are in accowlance 

with Definitions F412 and abbreviations are in 
aooordance widi Afabreviations D 1600, u n k a 
otherwise indicated. The abbreviation for 
polyvinyl chloride) plastic is PVC. 

3 2 Deseripiiims of Terms Specific to This 
• Standard' 

3.1.1 A>«Aairarirdleitgn Kress—the estimated 
maximnm tensile sl iea in the wall of the pipe ia 
the drcumferential orientation due to inlemal 
hydrasatic water pressure that can be applied 
oontinoously with a Ugh degree oToenaimy that 
bihire of the pipe wiO not occur. 

3.1.2 pressure rating (PX)—the estimated 
maximum pressure that water in the pipe can 
exert continuously with a high degree of certainty 
d a t failure of the pipe will not occur. 

3.1.3 relation between dimensions, design 
stress, and pressure rating—the following exprea-
sion. commonly known as the ISO equation,' is 
used in this spedficalion lo lelaie dimensions, 
hydrasatic design stress, and pressure rating: 

2S/P-{tJiji)-i 

where: 
S - hydrostaticdesign stress, psi (or MRi). 
P ° pressure rating, psi (or MPa). 
Dt " average outside diameter, in. (or mm). 

I wall thickness, in. (or mm). 
3.1.4 standard thermi^astic pipe materials 

tlesignetkm code—ihe pipe materials designauon 
code shall coosisl of the abbreviation PVC for 
the type of plastic, followed by the ASTM type 

and grade in Arabic numerals and the design 
stress in units of 100 psi (0.7 MPa) with any 
decimal figures dropped. When the design stnes 
code contains less than two figures, a cipher shall 
be used before the number. Thus a complete 
material code shall consist of thiec letters and 
four figures for PVC plastic pipe materials (see 
Sections). 

5. Materials ana ^̂ n̂ uSn̂ 'tuMmm 

S.l Cenero^Polylvinyl chloride) plastics 
used to make pipe meeting the requirements of 
this spedficalion are categoiiaed by means of two 
criteria, namely, ( /) short-term strength tests and 
(2) iong4erm sticngih i 

Noiv 4—PVC pipe dial is intended for use in die 
Uanpot orpolaUe water ihouU be evafamed for tha 
PWpcM by a hbonlaty iceagoized by die pufeiic faeihh 
piufaiiuo and ty die eegBlalotyboJiei bavins jmtKlic-
liaa. Mny poUic health autboriiiciieoasniK Natiomal 
•Ssiutaliun Ftwiialiliiiii Standard No. 14 fir Plasiic 
npiBg Syttcn Owinwiuemi and Bellied Mateiua; at 
a ndanle uandiid a cveluaic ninefiali fiv pntehle 
water Ktvise. The a d or mail of d c labanioiy mak­
ing dw cvifaHtioa dmdd be iodaded in Ihe uiliiiig 
OD pipe that ii iMended lor the Uamport of pmalrie 
water. A fabontory diat maka cvahMlioat of pipe Car 
tnasport of pottUe waier is die NaUoaal Sanitation 
Foondnian Tcaiag Ubonloriei, Inc., NSF BUg., Aoa 
Arbor, Ml 41106. Names oroUier leuignijed bbon-
loriei win be added when they arc brousht lo the 

' I of ASTM. 

3.2 Aiuir Muteria/i—This specification cov­
e n pipe made from PVC plastics having certain 
physical and chemical properties a described in 
Spedficalion D 1784. 

3.3 Conipoimtf—The PVC compounds used 
for this pipe shall equal or exceed the following 
classes described in Spedfication D 1784; PVC 
I24S4-B. 12454-C, or 14333-D. 

5.4 Rework Material—Ckan, rework mate­
rial of the same type and grade (cell classifica­
tion), generated from the manufacturer's own 
pipe production, may be used by the same man-
ubcturer. as long as the pipe produced meets all 
the requirements of this spedfication. 

6.1 Dimensions and Tolerances: 

'AnOittefntmNviit PuMiralionsand Fotmirenter. 5 n i 
Tabor Ave., PhiladdiAia, PA 19120. 

'ISO ai6l-l9«0. Kpet of Plaitia Mateiiah far the Tcaat-
pon irf Fluids (Ontadc Diameicn and Nominal PnsiBfn) Pan 
I.MtlrirSaies. 

6.1.1 Dimensions and tolerances shall be as 
jlKiwn in Tables I and 2 when measured in 
fpoordance with Method D 2122. The tolerances 
(iir out-of-roundness shall apply only to pi|ie 
prior to shipment. 

6.2 Sustained Pressure—The pipe shall not 
^ balloon, burst, or weep a defined in Test 
Method D 1S98. at the lest pressures given in 
Tables 3,4, or 3 when tested in aocordanoe with 

8.4. 
6.2.1 i4(re<imi(R/i{(sr«»ionr«tf—At the op-

lion of the manufacturer, an acoelented regres-
aon test may be substituted for the sustained 
picssure lest. The lest sfaaO be conducted in 
Mooidanoe with 8.4.1. The pipe shall demon-
male a hydrostatic design basis pngedion at the 
100 000 h intercept du t meett the hydroalalic 
design basis category requirement (see TaUe I 
and Method D 2837) for die PVC material used 
in its manufacture. {Example: PVC 1120 pipe 
must have a minimum 100 000 h proiection of 
3830 psi (26.40 MPa) and 85 % lower confidence 
limh(LCL). 

6.3 Airsf /Vessure—The minimum bunt 
piessum for PVC plastic pipe shall be a given 
in Table 6, when determined in accordance with 
Test Method D IS99. 

6.4 JYd/foiiiv—There shaO be no evidence of 
qilitting. cracking, or breaking when the pipe is 
tested in accordance with 8.3. 

6.5 Extrusion Quality—The pipe shall not 
nake or disintegrate when tested in accordance 
widi Test MedwdD 2152. 

7. WorkaaasUp, Haish, and Appearance 

7.1 The pipe shall be homogeneous through­
out and free of visible cracks, holes, foreign in­
clusions, or other defects. Tlie pipe shall be as 
uniform as commercially practicafale in oofor, 
opadty, density, and other physical properties. 

NOTE 5—Color and Uanpaiency or opacity diouM 
be ^Kcilied in Ihe contrict or purchase onier. 

8. Test McthiA 

8.1 CandlEr/an/iqf—Condition the lest speci-
mensat 73.4 ± 3.6*F(23 i 2*Oand SO ± 5 % 
relative humidity for not less than 40 h prior to 
lest in accordance with Procedure A of Methods 
D6I8 , for those tests where conditioning is re­
quired. 

8.2 Test Conditions—ComSucl tests in the 
Standard Laboratory Atmosphere of 73.4 ± 3.6*F 

(23 ± T O and SO ± 5 % rehitivc humidity, unless 
otherwise spedfied in die test methods or in this 
specification. 

8.3 S^nui/iqg^The selection ofthe ample or 
samples of pipe shall be a agreed upon t^ the 
purchaser and seller. In case of no prior agree­
ment, any sample mlected by the testing labora­
tory shall be deemed adeqtnte. 

8.3.1 r«trJ>eniiUN»—No(lendianS0%or 
the test spgimens required for any pressure test 
shall have at least a part of the marking in thdr 
central sectiona. The oenlial section is diat por­
tion of pipe which is at least one pipe diameter 
away from an end dcaure. 

8.4 Sustained Pressure Test—SikCL the test 
spedmensa random. Test iwfividually with wa­
ter at the internal preasuns given in Tabis 3,4, 
and 5, six specimens of pipe, each spedmen at 
least ten times the nominal diameter in lengdi. 
but not lea than 10 in. (250 mm) or more than 
3 A (I m) between end dosu ra and bearing die 
permanent maiking on the pipe. Maintain the 
spedmens at the pressure indiosled for a period 
of 1000 h. Hold the pressure a doaely a pasuMe, 
but within ±10 psi (±70 kft) . Condition the 
spedmens a the test temperature of 73.4*F 
(23*C) to within 3.6T (±2*0. Test in aooordance 
with Test Method D1598. except maintain the 
pressure at the values given in Tabfes 3,4, or J 
for 1000 h. Failure of one of Ihe an spedmen 
tested is cause for lelesi of ux additional sped 
mens. Failure of one of the six spedmens tester 
in rciest ahaO constitute failnre in the tesL Evi 
dence of failure of the pipe shall be a defined n 
Test Method D1598. 

8.4.1 Aaxlerated Regressitm Test—TeU ii 
accordance with prooedum in Test Metho 
D1598, except that restrained-end fittings ma 
be employed. A minimum of six samples will b 
tested a pressum selected to yieM data points a 
follows: 

0.010 lo OXm h (36 s lo 6 min) 
0.10 to 0.999 h (6 min to I h) 
iXn to 9.999 h 
10.0 lo 99.999 h 
100 lo tom- b 
0 lo ItMH h (landoiD poim) 

Additional points may be added if necessary t 
improve pngedion or LCL, or both. No poim 
shall be exdnded unleB an obvious defect 
detected in the failure area of the test sampli 
Characterize Ihe resuhs using die least squan 
exuapolation described in Method D 2837. 



8 J AvsfAessiBv—Determine Ihe minimum 
bund pna i i i i with a least five spccimtus in 
aoooidanoe with Test Method D 1599. The time 
of tcaliag of each specimen shall be between 60 
and 70s. 

8.6 /latleinqr—Flatten duee spedmens of 
the pipe, 2 h t (SO mm) long, between paralld 
platts in a suitable p ica until the distance be­
tween the ptates is 40 % of the outside diameter 
of the pipe or the walb of the pipe touch, which­
ever occun first The rate of loading shaO be 
uniform and such that Ihe compression is com­
pleted within 2 to 5 miiL On removal of the load 
eumine Ihe spedmens for evidence of spiining. 
cracking, or breaking. 

9. RcteaaadB^tct ign 

9.1 Ifany failure occurs, the materials may be 
relesied to establish cmfonnity in aooordance 
with agreement between the purchaser and Ihe 
sdlcr. 

10. Ctilllluriiou 

10.1 The seal of Ihe National Sanitalion 
Foundation Testing Laboratory, inc. indicalea 
that the product is tested under Ihe NSF certifi-

10.2 Certificalion and labefing, by other in­
dependent tabontofiea. may be aocepled if ap­
proved by the code authority having jurisdiclioa. 

I I . 
I I.I Quality of Marking—The taatidti%aaa 

be applied to Ihe pipe in such a manner that it 
remains lapMe (esaily read) aficr installation and 

D17BS 

11.2 Content ef Marking: 
11.2.1 Marking on the pipe shall mdude the 

fiiOowing, spaced a intervals of not more than s 
11(1.5 m): 

II.2.I.I Nominal pipe size (for example. 2 in 
(SO mm)), 

H2 . I .2 Type of plastic pipe material in ac-
cordance with the designation code prescribed in 
4.5, for example. PVCI120. 

11.2.1.3 Schedule (40, 80, or 120, whichever 
is applicable) and the pressure rating in poundk 
per square inch (megapascah) (ot water a 73*F 
(23Dshown a die number followed by psi (for 
example, 200 pd (1.4 MPtt)). When the indicated 
pressure latiiig is lower than that calcidated in 

s with 3.4 (see Appewfix), diis shall be 
by pladng a star after the prosure 

^ 017gS 

11.2.1.4 ASTM designation D 1785, with 
which the pipe complies, 

11.2.1.5 Manufacturer's name (or trademark) 
and code (see Note 3), and 

IIJZ.1.6 Pipe intended for the transport of 
potable water shall also indude die seal or mark 
of the laboratory naking the evaluation for this 
puipoae, spaced a intervah spedfied by die fab-
oratory. 

N O R 7—Mamrth lumi a i a t the eeal or mart of « 
tafacmafy imHl otain prior audwtialioa fioa ihe 
lalwealoffy uanaued. 

Non 8—ItiiooimnoapractioetotluaiamkSciied' 
nk 40 pipins lor poUble water and DWV wage ia 
which oomplianoe widi each applicaUe aandard is met. 

12. QaaayAasaaan 

12.1 Quality Assurance—Wiien the product 
is marked with diis designation "ASTM D17g3' ' . 
the manufacturer aflimis t h a this product w a 
inspected, sampled, and tested in aoooedanoe 
with tins spedficaion and has been found to 
meet the requirements of this specification. 

pioves. The purchaser shall have Ihe right to 
perform any of the inspections and tests set forth 
jn this spedfication where such inspections are 
deemed necessary to ensure that material con-
Ibrfss to prescribed reiiuirements. 

' Nore SI—In 1)5. Federal contndi. die conliactor 
•^lapomlUetotiaiftetion. 

S2. Packaging and Marking for VS. Govern­
ment Procurement: 

S2.1 Porluigifiy—Unless otherwise specified 
in the contract, the materials shall be r ^ ^ ' s r * 
in accordance with the supplier's standard prac­

tice in a manner ensuring arrival at destination 
in satisfactory condition and which twill be ac­
ceptable to the carrier a lowest rates. Containen 
and packim sfaaO comply with Uniform Freight 
Classification luks or National Motor Freight 
Classificalioo luleiL 

S2.2 Marking Marking for shipment shaU 
be in acoonhnoe with Fed. SttL No. 123 for 
military agencies. 

NOTE 82—The inctauioa of U.S. Goverameut pro-
ciircfiicitt fequtrcmcnis dwald not be courtiued a an 
indiixlion Ihat Ihe V S Oowuiunea ina or eiidoi«» 
the products ikscribed ia this document 

T A B U 1 

Nominal Pipe Stae 

Vk 

* 
« 
V, 

« 
1 
IW 

m 
2 
2t i 
3 

m 
4 
5 
6 
S 
10 
12 

OntsideDiametcf 

0.409(10.29) 
0540(13.72) 
0.675(17.14) 
0.840(21.34) 
1090(26.67) 
1.319(33.40) 
1.660(42 16) 
1.900(48.26) 
2.379(60.12) 
2.879(73.02) 
3.900 (n.90) 
4An ( IO I .W) 
4.900(114.10) 
9.963(141.30) 
6.6»<I6S.2S) 
8.615(219.08) 

10.790(273.09) 
12.790(323.(9) 

raMt i to PVC Pkade r ipaSi 

A v o i r 

±oxn4(±o.io) 
±0iB4(tO.I0) 
±0.004 ( iO. 10) 
10.004 (*0.I0) 
±0004 (±0.10) 
±0.005 (±0.13) 
±0.005 (±0.13) 
±0.006 (±0.15) 
±O0a6(±O.I5) 
±0.007 ( ± a IS) 
±0.000 (±0L2O) 

±O.OM(±a20) 
±0A)f (±0.23| 
±0.010 (±0.251 
± O J O I I ( ± « . 2 S ) 

±0O15(±0.3S) 
±0OIS(±0.3S) 
±0.015 (±0.38) 

a a « * a 4 a , 8 ^ a i 

T e f a n o B 

Fo r l t a i iMnaa i r i l d i a i 
P j i x i a j 
wUBmm 

Si taMe40aB*3Vkia . 
aadoMTSdiadalen 

... 

±0O9D(±IJT) 
±0.050 (±1.27) 
±0050 (± I J7 ) 
± O J 0 9 0 ( ± I . Z 7 ) 

±0075 (±1.90) 
±DilT5(±l. f lQ 
±01075 (±1.90) 

i m h . ( H i ) 

ill II 
n m ) 

S tha iOk tOu ia ias . 
a i ^ l a ^ & h i d a l e n 
BBa6ia.andlea; 

Schedale l 2 0 a a B a 

±0«H(±0.20) 
±0.008 (±0.20) 
±0.0U(±0.I0) 
± 0 0 8 (±0.20) 
l0OI0(±0J5) 
±0010 (±0.25) 
±0J)I2(±0.30) 
±0012 (±0J0) 
±0012 (±0.30) 
±0015 (±0.38) 
±0.015(1038) 
±0y0l5(lO.3O 
lOJM5(±a3S) 
±0030(10.76) 
±0035 (±0J9) 
10045 (±1.14) 
t o o n (±1.27) 
10060(11.52) 

GOVERNMENT/MILITARY PROCUREMENT 

T h e a requirements apply only to Federal/Military procurement, not domestic 
sakaor i ia ia ias . 

SI. BesptrntMllty far Inspection—Xitiiea 
othemiae spedfied in the contract or purchase 
order, the producer is iriiawniUe (at the per-
formanee of aU inspection and test requirements 

spedfied herein. The producer may use his own 
or any oUier suitable fadhties for die perform­
ance of the inspection and test requirements 
specified herdn. unless the purchaer disap-
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TABUC2 W d l l i t o f V C 4 a , a a . a a 8 l i a , ' ' h . ( a B ) 

Wdl Thickness' 

j U 3 S m l i l a r t P i i i — i T w l toWanm T A n . E 4 SaaUi IPta I Teat 
T l T t l S X J t o P V C 

Scliedidel20 

Taleianoe 

% 
%. 
Vl 

K 

l « 
I t t 
2 
2«k 

3 

3Vk 

4 

5 

6 
S 
10 
12 

i(i .n) 
OJOSS(2J4 | 

0u0»l |2JI) 

ama77) 
0 . I I 1 ( U 7 ) 
ai33|1.38) 
O. I40(3L56) 

a i 4 5 ( l M ) 
a i54(3 .9 l ) 
0 L 1 U ( } . I 6 ) 

0216(5.49) 
0216(5.74) 
0217(601) 
0.298(6.55) 
0.2aO(7.ll) 
0.312(1.18) 
0365 (9J7) 
0406(10.31) 

4 « O » ( 4 0 J I ) 
' i a o a ( 4 0 . 9 i ) 
4 0 O » (40.51) 
'H>.0»(4«.5I) 
4 0 i » ( 4 O 5 l ) 
4«ai0('»o.5i) 
40.020(40.51) 
4OO20(4OJl) 
4«.0(»(4O5l) 
40014(4061) 
40J026 (40.66) 

40jOn|40.M) 
4Oj02i|4O.7l) 
40O3I (40.79) 
40034 (40.U) 
4 0 O » (40.99) 
40044(41.12) 
40.049 (•1.24) 

00(5(2.41) 
a 119 (302) 
0126(3.20) 
0147(3.73) 
0.1540.91) 
0179(4.55) 
a i 9 l (4J9) 
aaoisjoa) 
0 J I 8 O J 4 ) 
0.276(701) 
0.300(7.62) 
0JIS(«OB) 
aU7(l.5«) 
0375(9.52) 
0432(1097) 
0500(1170) 
0593 (l5iM) 
a U 7 (17.45) 

40020(4051) 
4«.010(4O.5l| 
40020(4091) 
40020(40.51) 
4« .0» (40.51) 
40021 (4053) 
40023(40.58) 
40024(40.61) 
40026(40.66) 
40.033 (40J4) 
40036(4091) 
40038(4096) 
4 « 0 « ( 4 I O 2 ) 
40.045(41.14) 
40.052141.32) 
4aOU(4- IJ2) 
40.0TI (4 IJ0 ) 
40i«2(42.0S) 

0.170(4.32) 
0.170(4.32) 
0.200 (5.M) 
0.215(546) 
0225(5.72) 
0250(635) 
0300(7.62) 
0350(8.(9) 
a350((J9) 
0.437(11.10) 
OSOO (12.70) 
0.562(14.27) 
0.718(18.24) 
0.843(21.41) 
1000(25.40) 

40.020(40.91) 
40.020(40.51) 
40.024(40.61) 
40.026(40.66) 
40.027 (40.U) 
40.030(40.76) 
40.036(40.91) 
40042(4107) 
40042(4107) 
40052(41.32) 
40060(41.52) 
40.067 (4-1.70) 
4O0S6 (42.18) 
40.IOI (42.56) 
40.120(43.05) 

3Vk 10.(12.5 lDP.5Bm)b 

OMmaikataar 

a * , u , 

Ficswfe Required to Test' 

PVCI 120 
ppeSiie PVCI220 PVC2II6 PVC21U PVOI IO 

PVC2I20 . 

<h 

<h 

I 
I * 
l*» 
J 
2Vk 

) 
JV* 

4 

9 
6 
8 
10 
12 

l U 
l U 

2M 

J'/i 

10 
12 

I 6 » 
1640 
1310 
1250 
1010 
990 

no 
690 
580 
640 
590 
900 
470 
410 
3TO 
330 
300 
2S0 

11.65 
11.31 
9.03 
8.62 
6.96 
6.55 
5.31 
4.76 
4.00 
4.41 
4.07 
3.45 
3.24 
2.83 
2.55 
2.2S 
207 
1.99 

1360 
1310 
1090 
1000 
SIO 
760 
620 
560 
470 
^10 

370 
330 
300 
260 
2« 
220 

1130 
1090 
870 
840 
610 
630 
520 
460 
390 
430 
370 
340 
310 
270 
250 
220 
200 

i n 
MP* 

9.38 
9.03 
7.24 
6J9 
5.58 
5J4 
4.27 
3.U 
3.24 
3.52 
3.03 
276 
2.55 
2.28 
2.07 
179 
1.65 
1.52 

7.79 
7.52 
6.00 
5.79 
4 M 
4.34 
3.59 
3.17 
2.«9 
2.96 
2.55 
2.34 
2.14 
I J 6 
1.72 
1.52 
I3S 
1.24 

' n e Btcr s r a n nied 10 deiiw I 

p v n i i o 
PVCI220 
PVCl l lO 
PVC2II6 
PVC2II2 
PVC2II0 

4200 
4200 
4100 
3360 
2100 
2300 

930 
900 
720 
690 
590 
520 
420 
3(0 
320 
350 
300 
2M 
260 
220 
200 
i n 
IM 
150 

6.41 
6.21 
4.96 
4.76 
3.79 
3.59 . 
2.90 
2.62 
2.21 
2.41 
2.07 
1.93 
179 
152 
1.38 
1.24 
1.10 
103 

iReqn i ied toTcs f 

f i P ' S a t PVCI220 PVC2II4 PVC2II2 PVC2II0 
P«ai20 

290 
290 
290 
23.2 
193 
159 

H 
H 
M 
V. 

I H 
IM 

214 

3M 

10 
12 

M 

Vi 
U 
I 
IM 
I M 
2 
2M 
3 
3'A 
4 
5 
6 
8 
10 
12 

2570 
2370 
1930 
I 7 n 
1440 
1320 
10(0 
990 
(50 

730 

an 
610 
590 
510 

an 

ao60 
1900 
I 5 « 
1430 
1160 

ton 
(JO 

710 
610 
5 » 
HO 

an 
410 
410 

3n 

1720 

isn 
I2W 
I i n 
9 » 
an 
730 
660 
570 

sn 
520 

450 
400 
i n 
3 n 
330 

no 

1410 
i 3 n 
lOU 
(n 
7n 
•m 
600 
540 
460 
4n 
430 

4n 
370 
330 
3HI 

no 
270 

n.Ti 
1434 
13.31 
11.17 
9.93 
9.10 
7 J 1 
6.83 
5. t t 
6.14 
5.45 
503 
4.69 
4.11 
4.07 
3.99 
3.3( 
1.31 

14.11 
13.10 
10.62 
9 .K 
(LOO 
7.31 
6 i l0 
496 
* M 
4 . n 
4.34 
4O0 
3.n 
3.3( 
3.24 
U J 

2a2 

1116 

ion 
>J9 
( 2 0 
6.62 
6.07 
503 
4.55 
3.93 
4.07 
3.59 
3.31 
3.10 
176 
2.69 
2.34 
2.2( 
2J I 

9.72 
(.96 
7.31 
6.76 
5.45 
4.96 
4.14 

3.n 
3.17 
3.38 
196 
176 
195 
128 
12\ 
1.93 
I J6 
1.79 

'The fiber 

p v r i i n 
PVCI210 
PVC2II0 
PVC2II6 
PVC1II2 
PVC2II0 

I tDderivedMc) 

4 2 n 
4200 
42U 
3360 

vm 
2 3 n 

ura 
29.0 
290 
290 
23.2 
193 
15.9 



TABUS 
TITdrOtofVC 

TABU 6 B w i i n * • Ba«d 

NOWMl 
PIpeSi . 

ia. 

M' 
Ik 
1 
IW 
I M 
2 
2M 
3 
3M 
4 
5 
6 

( 
10 
12 

in. 

M 
¥, 
1 
I M 
IM 
2 
2M 
3 
3M 
4 
5 
6 

( 
10 
12 

PKanieRaqniredtoTca' 

PVCI 120 
PVCI210 
PVC2I20 

2130 
1620 
1910 
1250 
1130 
9 n 
9 a 
930 
(10 
9 n 
(30 
7 n 
760 
770 
710 

14.69 
11.17 
10.41 
a62 
7.79 
6J3 
6.76 
6.41 
5.5( 
6.21 
5.72 
5.3( 
5.24 
5.31 
4 . n 

p v a i i 6 1 

IW 

1710 
I3W 
l a o 
i o n 
« n 
7 n 
7 n 
7 » 
6 « 
720 
6(0 
610 
610 
6 S 
570 

MPs 

11.79 
(.96 
( J 7 
6J9 
6.11 
5.45 
5.3( 
5.17 
4.41 
4.96 
4.95 
4.17 
411 
4.17 
3.93 

r v c i i i i 

1420 
i o n 
i o n 
(30 
750 
660 
650 
6 » 
5 « 
6 n 
550 
520 
510 
510 
4 n 

9.79 
7.45 
6J9 

s.n 
5.17 
4.55 
4.4( 
427 
3.72 
4.14 
3.79 
3.39 
3.52 
3.52 
3.31 

PVC2I10 

1170 

(n 
(30 
6 n 
620 
5 « 
5 « 
510 
440 
4 n 
450 
430 
420 
420 
3 n 

( 0 7 
6.14 
5.72 
4.69 
4.27 
3.72 
3.72 
3.52 
3.03 
3.3( 
3.10 
2.96 
i n 
2 . n 
2.69 

D178S 

i to WnUf al TTF ( i rC) to PVC I I I S 

' The fibers 

MPa 
PVCI 120 
PVCI220 
PVC2I20 
PVC2II6 
PVC2II2 
p v a i i o 

4200 
4 a o 
4 2 n 
3 3 n 
2 ( n 
2 3 n 

290 
290 
290 
23.2 
19.3 
15.9 

NooinalPipeSiK 

ia. 

M 
M 
M 
M 
M 
1 
I M 
IM 
2 
2M 
3 
3M 
4 
5 
6 
8 
10 
12 

ia. 

M 
M 
M 
M 
M 
1 
IM 
IM 
2 
2M 
3 
3M 
4 
5 
6 
8 ' 
10 
12 

'The fiber Mcwe 

Schedule 40 

PVCI 120 
PVCI220 
PVC2I20 

2 5 a 
2 4 n 
i 9 n 
1910 
1540 
I 4 « 

n n 
lOM 

an 
970 
(40 
770 
710 
620 
5W 
5 n 
490 

m 

17.79 
17.17 
13.72 
13.17 
10.62 
993 
(.14 
7.31 
6.14 
6.69 
5.79 
5.31 
4 . n 
* .x t 
S M 
3.45 
110 
i n 

lasediodrr iw 

PVC2II2 
PVC3II6 
PVC3II0 

2020 
1950 
1560 
I 4 n 
1210 
1130 
920 
830 
6 n 
7 n 
6 » 
6 n 
960 
3 n 
440 
i n 
3 n 
330 

1193 
13.45 
1076 
l a n 
(34 
7.79 
6.34 
5.72 
4.76 
5.24 
455 
4.14 
3 .a 
169 
3.03 
2.69 
2.41 
1 2 ( 

i h e a e a i f R n n 

p v a i i o 
PVCI220 
p v o i n 
PVC1II6 
PVC3II1 
PVC2II0 

Uanianam 
• • l u l l 

Schedaka 

PVCI 110 
PVCIIJO 
p v a i n 

1920 
3620 
2940 
2720 
2 2 n 
2I»0 
1660 
1510 
I 2 n 
I 3 M 

i m 
1110 
t o n 
930 

( n 
7 n 
750 
730 

2703 
24.96 
2017 
1(76 
15.17 
13.93 
11.45 
10.41 
( .M 
9.3t 
(.27 
7A5 
7.17 
6.41 
6.14 
5.45 
5.17 
5.03 

• a i c a i t A M c 

6 4 n 
6 4 » 
6 4 n 
son 
5on 
son 

PVOII2 
pvatis 
pvaiio 

•ri 

son 
2(30 
2 3 n 
2120 
1710 
i 5 n 
1300 
I i n 
1010 

ion 
9 « 
(60 
( U 
720 

m 
620 

5n 
570 

ura 

21.10 
I 9 J 1 
I5.M 
14.62 
I I J 6 
IOJ( 
S « 
(.14 
6.96 
7.31 

6.a 
5.93 
i M 
4.96 
4.(3 
4 . n 
400 
3.93 

I f f h 
44.1 
44.1 
44.1 
34J 
34.5 
M S 

Schedule l » 

PVCI 120 
p v a 2 » 
PVC3I20 

>m 
2410 

noo 
ion 
1710 
1510 
i 4 n 
1420 
1110 

t m 
12(0 
I i n 

n n 
1170 

ion 

n . 4 i 
1703 
I5J6 
1110 
I I J 6 
10.41 
I0J7 
9.79 

sa 
9.51 
(.69 
(.20 

an 
am 
7.51 

p v a i i 2 
p v a i i 6 
p v a i i o 

2540 
1930 
i 7 n 
i 4 n 
1340 

n n 
1110 
I I IO 

an 
t i m 
9 n 
930 
910 
920 
(50 

... 

17.52 
1131 
1134 
I017 
9J4 
t l 4 
107 
I M 

t u 
7.45 
U i 
6.41 
6J7 
6J4 
546 
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XI. SOURCE OF HYDBOSTAIIC DtSICN SIRESSES 

Xl.l IhehydnaiatiedeiigDnreacsreoommcadnl attic kai l fcr dwmoplaaic pipe materiali i i MeUiod 
.byiheFlMianpelMtiMteareustdtopRsnrenie 02837. AdJHional mfcematioo legardii^ die mediod 
PVC|telicpipe.n(KbydnMtaiicdciiiaaucsaesaR of M and odKr criteria aed in de«ela|Bi« dtem h^ 
2OOOpa(l4MI>aiLlMOpu(ll.2Mni).il2SiDp(i0i.7 dmatic daign mcae* may te otaaiaed fiom dM 
Mrfe.aBdld00pai(1Mt>U)fgraaera73T(23rCV Haslia Pipe fautiMB. a tfivimi of Tbe Society of die 

beanie dcaga suaaa aniy ooly to pipe H l i t a IndeUiy. 355 Uxintfon Ave.. New York. NY 
1 dK wauiBiainw ofdas aewBtaiwi. II»I7. Thae bydnaatic dengn ttcoet may not be 

iiDI7B4andlhePn- aaUBi|bt4ineplalarkgUiai«cnailosiimett>Uhnc. 
IhydmaaticdHisnmfacsaUlon: AO dw das avaiUbb to dale on PVC pipe maleririi 

Xl.2.1 Type I. Chade I (I24S4-B), with a hydro- made ia dK Unitad Stata cdnbil a ibaith»«ae plot 
nafirdiwgBia«aef2000psi(l4MBa),ihii|iiilula nrntoriiau pliaiiimwdiliiwii 
PVCllKlL XI.4 The pipe is nad far OK widi uater at T3T 

XI.2J Tjiw I. Grade 2 (I24S44:), widi a hydro- (23T) a dw maiiminn iaeraai pfcaaiia dmni in 
MliedeaipBaismaf2000pn(l4Mh),desigaaleda TaUaXI.I , X l J ^ o d XI.]. Lower pRHaiecMii«i 
PVCI220. than '"wi^ ̂ -•"••-'"f ia aoooidance with 3.4 may be 

X i a j Type II, Gnde I (143334% widi a hydro- irrwhrnnidwl, a iht option of d» pipe mannfaclnier, 
UBic deup suae of 2000 pulUMPaXdnipwUda in«4iidi<aadKSDRdianbeinctadedindiemarfcii«. 
PVC2i2a Eapcricaee of die indauyindicata dial PVC planic 

XIZ4 Type U. Grade I (I43334»L with a hydro- pipemeeiinsa»eieauiieuieuaofihiia«alication|>m 
Ualicdeg«a«reaori6aOpa(lt.2MPa),desi|aaled atirfMory arviee under noeraai ooodiliom far a hmg 
aPVQlM. period a IheapicsnrenliaBS. The UBlainedpRaufe 

Xt.2.S Type n. Grade 1(1433341), with a hydro- icquremcan are nfalad io doe lalinai dmiash die 
Ualicda«n«ieaori2S0paO.7MFh),deusBaedas dopa of dw drengdMimc pha of diea malcriab in 
PVC2li2. pipefarm. 

XIJ.6 Type D, Grade I (143334% widi a hydro- XI.S Tfaehydnaaticdea«DnicsKirac«Bmcaded 
MalicdH«BnreaoflOOOpB(T.OMPa),deBgnBleda by die riasdd Pipe fanlitate are famed on tens made 
PVC2lia oapipcimairasinaBciniraMUi2Min.(l2.Stt>63.S 

X I J The daodani medmd for abaimnB hydro- mm). 

T A B U X l . l W a t o P r c s a B r t B a l l a i a l 7 j n ! ( U D t e 
Sche<Bl t«PVCrhMkPI*e • 

Noninal 
PipeSiic 

ia. 

<M 
M 
M 
M ' 
M 
1 
IM 
IM 
2 
2M 
3 
3M 
4 
9 
6 
8 
10 
12 

•a-

>tt 
M 
M 
i/> 

M 
1 
IM 
I M 
2 
2M 
3 
3M 
4 
5-
6 
g 
10 
12 

l § 8 
CoC 
t i t 

SIO 
7 n 
620 
6 n 
4 n 
490 
370 
330 
2 n 
300 
2(0 
240 
220 
i n 
i n 
i n 
140 
130 

5.58 (96) 
9.3S (94) 
4 27 (43) 
414 (41) 
3.31 (33) 
3 10 (31) 
2.95 (25) 
2.2( (23) 
1 93 (19) 
2.07 (21) 
1.79 (2() 
1.65 (16) 
1.52 (15) 
1.31 (13) 
1 24 (12) 
1 10 (11) 
0.97(9 7) 
o n (9.0) 

PrciMm Ratingif' 

« 

s t 
P" 

650 
620 

xo 
4 n 
3 n 
360 
2 n 
260 
220 
240 
210 
i n 
i n 
160 
140 
120 

no 
no 

?; 

D 
i 

9 n 
490 
3 n 
370 
3 n 
2 n 
2W 
210 
170 
i n 
160 
150 
140 
120 
110 
i n 

n 
n 

MPa(barl<' 

4 4 ( (45) 
4.27 (43) 
3.45 (34) 
3.31 (33) 
2.69 (27) 
141 (251 
2.04 (20) 
1.79 (1() 
1.52 (15) 
1.65 (16) 
1.45 (14) 
1.31 (13) 
1.24 (12). 
1.10(11) 
0.97 (97) 
0.(3 ((.3) 
076 ( 7 « 
076n .6 ) 

3.45 (34) 
I M (33) 
2.69 (27) 
155 (25) 
2.07 (21) 
1 93 (19) 
1.59 (16) 
1.45 (14) 
1.17 (12) 
1.31 (13) 
1.10 ( I I ) 
1.03 (10) 
0.97(9.7) 
0.(3 ((.3) 
076(7A) 
0.69(6.9) 
0;t2(6.1) 
OL55(5.5) 

* 

6 
% 

aob 
i n 
310 
3 n 
240 
220 
i n 
170 
140 
190 
130 
120 

no 
100 

n 
n 
70 
70 

2.76 (2() 
2.69(27) 
114 (21) 
2.07 (21) 
1.65 (16) 
1.52 (15) 
1.24 (12) 
1.17 (12) 
0.97(9.7) 
I 03 (10) 
O .n (90 ) 
0.(3 ((.3) 
076(7.6) 
069(6.9) 
0.62(6.2) 
059(9.9) 
048(4 .0 
O a ( 4 ( ) 

(1501 

I bar-14.904 pa 
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ka ia i73* r (UDto npvc 

PiprSiRi^ 

M 
M 
M 
M 
M 
I 
IM 
IM 
2 
2M 
3 
3M 
4 
9 
6 
( 
10 
12 

PVCI 120 PVCI220 
PVai20 PVC2II6 PVC2II2 PVC21I0 

Thnada Uadueaded Thnded Unducaded Thicaded Unducadid Thnaded 

I 2 » 
1110 
9 » 
(90 
an 
630 
910 
470 
4 n 
420 
370 
390 
320 
2 n 
2 n 
290 
230 
230 

610 
970 
4 n 
420 
3n 
320 
2M 
240 
m 
210 
i n 
170 
160 
140 
i n 
120 
120 

no 

9 n 
730 
6n 
9 » 
9 » 
420 
3n 
320 
3 « 
3 n 
2n 
2W 
230 
220 
2 n 
i n 
i n 

4 n 
490 
370 
340 

210 
i n 
i « 
170 
i n 
i n 
130 
120 
no 
in 
n 
n 

770 
710 
970 
930 
430 
i n 
320 
2n 
290 
2U 
230 
220 
no 
i n 
170 
m 
in 
140 

3 n 
350 
2 n 
2U 
210 
2 n 
i n 
i w 
130 
130 
120 
no 
i n 
n 
n 
n 
70 
70 

610 
970 
460 
420 
340 
320 
2M 
2 « 
2n 
210 
i n 
170 
IW 
i n 
i n 
120 
120 
no 

310 
2 n 
2 » 
210 
170 
IM 
130 
120 
i n 
no 
n 
n 
n 
70 
70 
M 
n 
to 

MPaibw) 

PipeSiK,ia. 
PVCII20, PVCI 220. 

PVC2I20 PVC2II6 PVC2II2 PVC2I10 

Ui 

M 
M 
M 
M 
M 

IM 
IM 
2 
2M 
3 
3M 
4 
5 
6 
( 
10 
12 

140 ((5) 
7.79 ((0) 
6J4(63) 
i n (59) 
4.76 (40 
4J4(43) 
159(36) 
3J4(32> 
176(26) 
i n (29) 
2.55(25) 
141 (24) 
2JI (22) 
ISO a n 
1.93(19) 
1.72(17) 
1.59(16) 
1.59(16) 

4JI (42) 
3.93(39) 
117 (32) 
i n (29) 
134 (23) 
121 (22) 
1.79 (10 
1.65 (16) 
l.3( (14) 
I 45 (15) 
1.31 (13) 
1.17 (12) 
I.IO (II) 
0.97(9.7) 
0.97(9.7) 
0(3(13) 
0.U((.3) 
076(7.6) 

6.76(60 
6Jl(62) 
5.03(50) 
4.69(47) 
179(36) 
3.45(34) 
i n (29) 
162(26) 
121(22) 
134(23) 
2.07(21) 

1.93 n o 
1.79 d O 
1.59 (IO 
1.52(15) 
l.3((14) 
1.31(13) 
1.24(12) 

3.3((30 
110 (31) 
155 05) 
134(23) 
1.93 (IO 
1.72 (17) 
1.45 (U) 
1.31 (13) 
1.10(11) 
1.17 (12) 
1.03 (IO 
0.97(9.7) 

on(9.o 
0.(3 ((3) 
0.76(7.6) 
0.69(6.0 
0.62(6.2) 
0.62(6.2) 

131 (53) 
4 .n (49) 
3.93 (10 
165(36) 
i n (29) 
169(27) 
2JI (22) 
10 (20 
1.72 (17) 
1.79 (IO 
1.59 (16) 
1.52 (15) 
1.38 (14) 
1.24 (12) 
1.17(11) 
I 0 3 ( I 0 
103 (IO 
097(9.7) 

162(26) 
141 (24) 
2 . n ( 2 0 
I 79 (10 
1.45 (14) 
l.3( (13) 
1.10(11) 
I03 (IO 
O n ( 9 0 
On(9.Q 
0(3((.3) 
076(7.0 
0.69 (6.0 
0.62(6.2) 
0.62(6.2) 
055(5.5) 
0 . a ( 4 O 
O.a(4.0 

4.21 (42) 
3.93 ( n ) 
117 (32) 
2 . n ( 2 0 
2.34 (23) 
2JI (22) 
1.79 (IO 
1.65 (IO 
l.3( (14) 
1.45 (14) 
1.31 (13) 
1.17 (12) 
1.10(11) 
097(9.7) 
0.97(9.7) 
0 (3 K.3) 
0 (3 ((.3) 
076(7.6) 

114 (21) 
1.93 (IO 
1.59 (IO 
1.45 (14) 
1.17 (12) 
1.10(11) 
an(90) 
0.(3 ((.3) 
069 ( 6 0 
0.76 ( 7 « 
062 (6J) 
0.62(6.2) 
055(5.5) 
0.48(40 
0.48(4.0 
0.41(4.1) 
0.41 (4.1) 
0.41 (4.1) 

M 
M 

IM 
IM 

2M 

3M 

10 
12 

6.96(70) 
5.31 (53) 
4 . » ( » ) 
4.14(41) 
172(37) 
124(32) 
3J4(32) 
303(30 
162(26) 
2.96(29) 
176(27) 
155(25) 
162 (20 
155(25) 
134(13) 

3.52(35) 
169 C27) 
2^ (25) 
207(2I) 
I J6( IO 
I « ( I 7 ) 
1.59(16) 
l.52(IO 
1.31(13) 
I J 2 ( I » 
1.3(114) 
1.31113) 
114(12) 
1.24(12) 
1.17(11) 

5.S((56) 
4J7(43) 
3.93 (IO 
111 (33) 
1(6 (3Q 
162(26) 
155(25) 
1«(24) 
114(21) 
134 03) 
2.2102) 
2070I) 
200(20 
20000 
IJ6(IO 

2J3 0 0 
114 OD 
200 0 0 
IJ65 (IO 
1.45 (IO 
1.31 (13) 
1.31 (13) 
U 4 (12) 
103 (IO 
1.17 (12) 
1.10(11) 
I03 (IO 
0.97(9.7) 
097(9.7) 
0.97(9.7) 

4.34(43) 
131(33) 
110(31) 
155 OS) 
1J403) 
m o o 
teoam 
1.91 (IO 
IA5(M) 
IJ6(IO 
1.71(17) 
IJ9(IO 
IJ9(IO 
IJ9(IO 
1.45(14) 

l i t OD 
1.65 (IO 
1.52 (15) 
1.31 (13) 
1.17 (12) 
l i D d O 
103(10 
097((.7) 
0(1(L3) 
an(9ja 
0J3(L1) 
O J l d l ) 
0.76(74) 
016(7« 
07604) 

152(15) 
169(17) 
1 4 ( 0 0 
107 01) 
I J 6 ( I 0 
145(10 
l . » ( I O 
I J l d O 
1.11(11) 
IJ2(I5) 
I K d O 
1.31(11) 
114(12) 
114(12) 
I . H d l ) 

l .n (17) 
IJ t (IS) 
114(12) 
103 ( to 
o n (90) 
asi(S.3) 
ass ((J) 
07604) 
049(60 
07604) 
049(6.0 
042(61) 
042(61) 
042(6.2) 
055(5.5) 

nrAmrticamSoaivf>rTrstmaandMaaeUslakampBMamm,w^,...,^.,m..m-„„—,, ^ - . 
wiihaiyiirmmimiamedli>dUtitamlad.lJtin,fiUsstaidadairiJ9iittly^thiddai*a0mlimllcniflluvalliayifm,s^ 
ammrigkis.anddKhditfliifiingimrmtfsuehiigho.arrrmMydUiramumpaulblllty. 

TtisiuuuhudlssubjiautmsiamataMyilntibyihrnseimilUrtiihmmluimunlmi m d i m m b i n H n i d i i t t f i t e y i m m d 
ifmiirfaid.iilhirnafpnwdcemlihtami. Yam it iiai m imiisadUdm fir laaUai ^ t U i aaudaid4W fir adftli—l 

MtaaaliiiliaaimV i«c*iaB«i4raMid If yam fill dim yam lumumimiliem am mtlwd a filr hearing yoishmi^. 
newskmrwatodtrASTMCrmm^arronSundards. 1916 tbt* St.. HkiMi^Ui. Pi419103. 



r DMlsraUen: 0 2216 

Standard Malhod for 
LABORATORY DETERMINAtlON OF WATER (MOISTURE) 
CONTENT OF SOIL, ROCK. AND SOIL-AGGREGATE 
MIXTURES* 

Thii Maadard is imed under the Oaed d a 
aev of otiaiaal adBpUoa or, ia tha caaa of r 
iMpptbraT A iupanetipl cpailoo (() iadica 

auaaD22t6: l l 
inoo. iha yaar of lau Rviaaa. A I 
i hn ndiiwial rhaim liiaa itiii lain i 

1.1 This method Giivcn the labonuoiy dcter-
ipi««ew«n o f the water (moisture) content of 
wiL rack, and soil-aggiegatc mixtnies by 
ucight For simplicity, the word "tnaicriaT 
beronafter lefeis to either so i l rock, or soii-
^giegate mixtuics, whichever is most appUca-

1.2 Tbe water oohtinK of a matefial is de-
6nad as the ratio, expressed as a percentage, o f 
(he mass of "pore" br "free" water in a given 
BMSS of material to the mass of the solid ma-
n i a l paiticfcni 

1.3 This method iloes not give true repre-
antative icsulls fo r materials containing sig-
odkant amoiuis of haJtoysitc. nMntaiorilloa-
ae. or gypsum tttinerals; highly organic soils; 
or. materials in which the pore water contains 
dissolved solids (such as sah in the caae of 
aiarine deppsiu). For a malenal o f the pievi-
ously mentioned types, a inodified metluid of 
testing or data calciilation may be established 
to give resulu consisieni with the porposc o f 
the test. 

T Tiimmar] nf r i r l h i r f 

2.1 The practical appUcation in determining 
the water coniem of a material is to determine 
tbe mats o f water lancived t ^ drying ibe moist 
material (test specimen) to a connant mass in 
s drying oven controlled at 110 ± S*C and to 
Bse this value as the mass of water in the test 
IT f i n i f n T h r n i f " ^ — ' * " • ' ' " " • ' • • • f l * * * * 
oven-diying is used as the mass of the solid 
partidea. 

idUaa 

3.1 For many ainl types, the water content is 
one o f the mott " • i f ' *—"* iiulex propwiies 
used in estaWishing a ooiiclation between soil 
behavior and an ind|ai prapeny. 

3.2 The water content o f a soil is used in 
almost every equation expressing the phase 
retetionahips o f air. water, and solids in a givca 
volume of material 

3.3 In fine-grained (cohesive) soils, the COB-
sisicBcy of a given soil type depends on i u 
srater content. The water content o f a sbiL 
along with i u i iqiud and plastic l imit, is used to 
expien its relative consistciicy or Bquidity in­
dex. : 

3.4 Thetenn^watci^asasedingeotecfanical 
amyrMmriiig, i t typically asuuncd to be "pore" 
or "f tee" water and not that which is hyiirated 
to the mineral stiirfaOrs Tberdbrc. the water 
content o f matcfiah containing significant 
ammittts o f bydraiad water at in-iiitn tempcn-
tnies or lea than 110*C can be miskading. 

3.5 Tbe term "solid paitides" as used in 
gm^mejieiuml —gin—iriiig^ B typically BSSUmed 
u> mean BattiraJly ooquriBg fflinerBl paitides 
that aic not readily airinble in water. Therefore, 
! ! ^ ' " * • ' w w t M t n t f t f i n t a « M f iwing mwtwm. 

oeotu matter (sndi u ooneat. etc), water-aol-
uMe nutter (stich as salt) and higldy oirgaaic 

aTASTMCom-
miaa l>-tS on Soil and Rocfc and HI 
of ITiil Biiinii DISiD on TamuK 
nmai i i i iM in nf l i i ih 

Canaa adiliaa approved May sa i n a PuMUhad M y 
I9S0L Oiialaally aatdotod a D22I6-61T. Um pwrioui 
a d U o o D a i d - f t . 

355 
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typically require i^iecial treatment or a 
definition of water conteai 

4.1 Dijilng Oven, diemosutically-coo-
troSed, pvefaaUy of the forced-diaA type, aod 
maintaining a nailfaem temperature of 110 ± 
f ' C ihmugboot the drying chamber. 

42 Balanfet, having a piefismn (repeatahil-
ity) of «QJOI g fiar apodmens having a OMa of 
200 g a r lea. *0A g for apeciaeaa haviag a 

I of between 200 and 1000 ̂  or ± I g for 
I havuga n a n gn«tcr ihati lOOOg. 

43 S^imtm Gwaaaerr—Suitable «oo-
! of material icsistani to. oorroaon 

I upon repeated heating, 
Comaiaen with deae-

fitting Ua (baO be used for tcsti^ apedmcas 
having a man of lea than about 200 g; while 
far spetimcns having a man greater than about 
200 g. containen witihoul lids may be used 
(Note I). One oa tauar ia needed for each 

Non I—Ihe 
pnvtakasori 

(< 

cf doa-Ottii* iidi is u> 
bcCweiaitial 

, ^ ^ ^ ^ ^ of s ^ ^ 

4.4 DMfccoior^AdetiocaiororsaitaUeaiae 
K is 100 to 25(Mnm « a n a l n ) 

abydrauBsilicageLTbiseqnipnient 
is only feoommenilBd for o n when oooiatncn 
having doae-lilliiV lida are not uaed. See 7.4.1. 

5.1 Keep the saaaplcs that aicaioied prior to 
trstiiig in noBGonodiblB aiitiglit coMaaess a 
a laa^e^uuio b e M e n qipriwimatdy 3 and 
Btf'C and m aa aiea l b « prevenu direci contact 
wiihsaaligbt 

5.2 Tbe waaer onntent detennination should 
be done aa anon aa pmcucable after i 
rapmiaDy if pmrnially conodible 
(suchasaied diin-walled tubea, paini caa^ etc) 

being determined in 
ASTM method, the 

spedfied in (hat 

tfuTa 

«.l For 

6.2 Tbe manner in which the test spedm^ 
ia seleded and its required mass is basicalk 
dependent oii d a purpose (application) oftlK 
test, type of material being tested, and the type 
of sample (spedmen from another test, ban 
tube, spbi-banel etc). In all cases, however.« 
representative portion of Ihe total sample shaU 
be adectod. if a layered aaO or more than one 
anS type is encountered, aelecl an average p ^ . 
turn at individna) portions or bol)^ and wue 
wUi^ partion(s) was tested u the report o f i ^ 

6.2.1 For bulk samplea. select the test sped-
men fiom Ibe material after it has been thor-
oogldy miaed. The mass of moisi material ae-
leciad shaO be in aoGordaace with the following 
U U K 

Mass or Main SpKioMi. 
s 

in iD im 
3niD5« 
swioion 
ism ID son 
9oniaioon 

AhooilOnafSaavIe 
10aa(NalOiie«e 
4.75 a n (No. 4) sieve 
19 mat 
3Saa 
76aiw 

6.2.2 For small <iar) aamplEs, aeleoi a lepre-
aenutive poitian ia aoooidanoe with the foOoiw-

6 . r L l Foe e o b a i a o k a soih. tbonmghly 
mix the m a t o i a l ifaen sekct a t ea apecimea 
havng a m a n of moist material in aooordaaee 
with the uMe m 6J . I . See Note 2. 

t 2 2 2 f a t oobedve aoik, remove about 3 
mm of flsatenal Aum (be exposed penphay of 
tbe aampik and sfioe it in half (to check if tbe 
material is layocd) prior to a d e c t i ^ ibe test 
specimen. If ibe aoil is layered a * 6 J . Tbe 
n u n of maisi material adeded abould not be 
lea than 23 g or ahouM be in aoootdaaoe with 
the table in 6.2.1 ifcoaiae-graiaed partidesaie 
oolad. (Note 2). 

6.3 Using a test spetimen snaller than the 
mmiimtm nasa indicated pieviuusly requires 
disciebon, ibough it may be adequate for Ibe 
puipoae of Ibe icsL A spetiineo haviqg a mass 
l e a Iban ibe previously indicated value d a l l 
be noted iu the report of the results. 

Nora 2—In maay cato, when worfciag with • 
WHiU saaipfc wnuaming a idalivciy larye ooarw 
aaioad psnkle. il it appiopiiaie n « IO indude dui 
paiiiileBidiclcA(peamen.irdiiio-^- - ^ -•-• 
IK mied in die rcptin of the resnha. 

7.1 Select repreaenuuive test spedmens in 
apcordance with Section 6. 

12 Place the moisl spedmen ia a dean, diy 
0)ataincr of known m a a (Note 3), set the lid 

^cutely in posiiion, and determine tbe matt of 
^ container and moist material using an ap-
^opriale balance (4.2). Rcratd these values. 

7.3 Remove Ibe bd and place tbe container 
fitb moisl material in a drying oven main-
ained at 110 * 5*0 and dry to a constant m a n 
(Holes 4 . 5 . and 6). 

Nora 3—Toamtindieiwca-dryiagarUigeiat 
^ecinwoa, they ihtiuld be ptaond ittoomaincn hav-
•g a iaige soriaoe atta (nch a peas) and Oic 
aaierial faiofcca op into snwUer agpiqptioa*. 

Mora d-The tone rcquiiwl lo obtain oonatam 
oaa will vary depending on the type of materia), 
•re of nedawa. oven type and capaeity. and other 
bcUKi. The inllacaoe oi OMM bcuies gcBcndh can 
be cnataiidied bv Mod jadpncni. sad expencaoe 
with die oaMriah bda t teaed and the apparaini 

bare hands and the operstian of Ihe balance 
will not be aflected by convection currents. 
Detemune the m a a of Ibe container u d oven-
dried material uanig tbe same balance m used 
tai7.XltaeosdtWsvafase. 

7.4.1 tf Ibe ciMMaiMr docs not have a Ud. 
weigh tbe coat^ot f and material ri|^ after 
their temperatuRS ai« m h Uiat the operatioo 
of tbe balance wiD not be albcted by ooiwcc^ 
lion cuircnta or after eoobag in a dcaccaiar. 

Mora 7—1 

aUDoaphercdnrintooehng. 
ftoni the 

«.l Cakalaie Ibe water contem of tbe ma­

terial as follow*: 

i» -{{w, ~ w d n m - IT.)] X too - ̂  X too 
w . 

taiaaaMri-ianoaicascCdryiqaawa^ 
tigbt (abMtt i« b) it wffidem. In ca«a where tbae 

' htooaceiniagdMadoqucy of 4iyin^ drying 
I he couinaed nail the a a a aftiv two tuoBca-

[ diaa M h) of dniag iadiGatt aa 
I (lea than aboa 0.1»). Sped-

WW of sand oayoilM be dried a conaaa a a a in 
« period of aboa 4 h. when a braddraft oven it 

Non 5—Ow drying a 110 * S*C doa a« 
dnays Msali in waia eemcm valoa related a da 

- 1 ua M dw hate dcfiniiiMi apadal^ CK 
nsoa a abcr nmerah bav-
lefhydnadwataafafMl 

OBlbei 
^ b a a a a a p f n -
760*3*Corna 

a d w 

« vasBoa orwiCTui. » . . - » • _ ^ i 
IJ3 pa (10 a a HU and a a a n p e r u a e e 
betMea 23 aod 6 7 c f a d iy iwrv ei ter 0 
diyii« awmodt a n iMed. it modd he noted 
•caartoftheRMdls. RpoirorthBKmia. 

N o n 6—Since tnaa dry aaicriab aay ahaotb 
aniaaic fioa aoiti uecinMis, dried tpednem 
Aouht be icaoved bcfim pbdng aoiu ^lOGiacat 
in d a oma. Howcva, ifait iMoiicaca it a d appli-
caUo if the prcviontiy dried tpedocttt win icnain 
in d a drying uvea far an adddiaoal tine period of 
iboa 16 h 

7.4 After tbe material baa dried to constant 
m a a remove tbe ooaiaina ttom tbe oven and 
replace tbe fid. AUow the material and con­
tainer to cool to room temperatuie or until tbe 
container can be handled comfortably with 

I of ooanaam and irienrdiind «pec-

w - water content, %, 
m - m a a o f o o t t t a i a e r a o d 

W, » m a B a f a m t a i a B t , g , 
UV - m a a s of water, g. and 

9. BafMt 
9.) The fcpoit (dau shad)shaOiBdwie the 

9.1.1 IdentifKBlian of (be (ample (material) 
being icaied. by b c m g nnnAer, sainple num­
ber, t ea n o m b a , e t c 

9.1.2 Water content of Ibe (pedrntnut the 
nearest 0.1 % or I %, depending on tbe pmpaae 

of the test 
9.1.3 faidicaiioo of test spedmen haviag a 

m a a k a than the minimiim indicaied in Sec­
tion 6. 

9.1.4 IwdinaiinH of test specimen comanuig 
more than one soil type (IqFeied, eis). 

9.1.5 iadieation o f lbe method of drying if 
dillbrait 6dmoven-drying at liO « S'C. 

9.1.6 Indkalion of any material (siie aad 
amount) excfaided fiom the test specimea 
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PARTICLE-SIZE ANALYSIS OF SOILS' 

r ihaaad l i i i p n l i i D d i t d w i 
taaieviUaQ, ihe iavof li 

l yeaaf 

<IIDW S * * " " ^ l ia i idy isaa. 

I.I This method coven the quantitative de-
^ggguium of the diatribiition of paitide sizes 
« nib. t h e distribiitibn of paiticte sizes luger 
^ 75 pm (retained on the Na 200 sieve) is 
jt^nniiMd by sieving, while the disuibution of 
fgode sisa smaller than 75 iim is dctennined 
^ a seditnentation process, using a hydiumda 
0 secure the necessary data (Notes I and 2). 

Non l-^Sepaiation may be made on the No. 4 
lilVfflffi). No. 40 (425itm). or No 200 (7S-|un) sieve 
aadofdieNo. 10. For whatever sieve used, the siac 
niO be indicated in the icpon. 

Non 2—Two typa of djiprniia devioa an pro-
rAt (/) a highspeed nurbaniral saner, aad (2) air 

Eatcnsivc iavestigaiioBs iadiCBtt tlai 8ir> 
a aflve positive 

: loib bdow the 20iia dae aad i 
I all tiaa when naad with sandy I 

••aaa of tbe definite advaniagas fiivoriai air (" 
aa. in UK is recoamaided. Tbe lesnto bum the two 
qpes d deviea difier in j 
adirpckadingmaa' 

, especially for siaa liner than 20 pm. 

LAppficaUel 

11 ASTM Standards: 
D42I Practice for Dry Preparalion of Soil 

Samples for Putide-Size Analysis and De­
termination of Soil Constants' 

E 11 Spedfication for WireOoth Sieves for 
Testing Purposes' 

E 100 Spedfication for ASTM Hydrometen* 

3.1 Balances—A balance sensitive to 0.01 g 
far weighing the material passing a No. I0(2il0-
nmi sieve, aiid a balance sensitive to 0.1 % of 
•ke mass of the sample to be «veighed for weighing 

Ihe inaierial leiaioed on a No. 10 sieve. 
J.2 Stirring Apparani*—&bet appaiatns A 

or B may be uasd. 
3.2.1 Apparatos A Shan consist of a BMcban-

icaOy opented stining device in which a suteMy 
mounlad dectric molar tuns a venica) shaft at 
a speed of not tesB than lOOOOipoiwiiboiithiad. 
t h e shaft shaO be eiiuipped with a icplaanbie 
(tirring paddle made of mdal, ptastic, or liaid 
rubber, as shown in Fig. I. The shaft (hall be of 
such length that the stiiring paddle wiO opeme 
notktBthan Kin.(19.0mm)nor moie than IM 
in. (38.1 mffl)abovethebotl(MaofthedispcniOn 
cup. A v e n d dispenibn cup oonfonning to 
eitber of tbe designs shown in F«. 2 shaO be 
piuvided to hoU the sample while it is being 

3 2 2 Appaiatus B shall consist of an air-jd 
dispersion cup* (Note 3) oonforiaing to the gea-
end ddails shown in F«. 3 (Nbia 4 and 5), 

Non 3—TbeamnmtofairmqBindbyaiiairid 
I cup is of the Older of 2 Ir/ain; I 

airtoi 
Non 1 >̂ iwihrT air-type iliipmiiai dcviee, 

kaowa a a dispersion tube, dsaluped by Cbu and 
Davidson a towaSiaaColbgf, ha beeaAowam give 

1961 

IXIS 00 Soil tad Roek aad it te 
SuUiaiiniiua D I t O l on Tetiat. 
atteMicoorSoilL 

Canea ediiioa a e m c d No*. 21 
Med 1919. Rntaea 0422 - 62. 

> yMaae^ Awt <^. l5nf SMadMi, Vol 0«ia. 
*AnMî  Book ofASTU flaadwa. Vol 1440. 
'lUmwdaaak^ASniSmmkids, Vol I4JI 

I COM ftofli dtt AncncsD Society sBf To 
, 1916 Raee SL. fhiladrtidiia. PA 19101 

Na l2-n42«M)B. 
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Itoibe 
l5lHor l52Hin 
•MB of both 
^d^Blbeariyi - « « « 

3.4 SaribnenwionOfindtr-^glwcyimder 
^-*fl»in.(457mm)inbdahta»d2Viin. 

r, and marked far a ^ 
diamela-SfaaO be sudk 
is 36 ± 2 cm linm Ibe 

(63 J mm) 
of 1000 mL. Ibe 
tha the lOOO n̂L 
Inltomootbe 

3J Tbemmmier—A thermometer aocunte 
10 1^(0.5X1^ 

3.6 S i e m - A nr i a of aeves, of muaieHucdi 
woven-wnc doth, confonnii^ to the nquiio-
ments of Spedfication E 11. A fidi sd of deves 
indudm die foUowing (Note 6): 

> i n . ( n a « ) Na tO(2.00«a) 
2 « . ( » a a ) Na 20 (SSOiia) 

I'D. (2SAam) No. <0 OSI^ua) 
Vai.(l9X>.am) No. 140(106^) 
Km. (9.Sma) No. 200 (TSnun) 
Na4(4.7VaMa) ^ ^ 

NDif 6—Atdof 
p n i a t l b r d K m d i . « 
aedifdBiad.ThitM 

3A(7S-aa) 
IV^ia.(37.»ina) 
tMa.(i9i^am) 
«ia . (93«un) 
Na4(4.7S-flia) 
Np.a(Z364aa) 

3.7 H'oier AtfA or Conaoitf-remiperantfr 
Aoom^A water bath or coniuit^emperaiure 
room «gr maintaning the sod siapendon at a 

•* icmpenlure during the hydrometer 
*• ^ . ' " ^ ^ " " ^ * • • " •««*"»"« insulated 

•Mriniains the temperature of die sus-
» d a convenient constant temperatwe a 

or aear 68T (201C). Such a device b iOusiraled 
in Fig. 4. la cans wfaereihe vmk b performed 
m a room at an automaticdiy controlled constant 

inScclioolT.DMybe 
oTiheMlowi, 
Na I6( l . l»ain) 
Na30(60»iini) 
NaSOOOOfun) 
No. lOO(IJOiun) 
NaMO(75inn) 

temperature, die taater bath b not necessary 
3.8 Beaker—A beaker of 250-mL capacity 
3.9 r/m/^f Orviar—A waldi or cfackwiik 

secondhand. ^* 

4.1 
(I 
be 

A sohition of sodium heaamelaphospl^ 
>- cdled sodium mrtaphnaphaar) sh^ 

WDed or d a u n o d i a d wala ,«1^ 
of 40 g of sodium bexameiaphaapbate/liiK 

(Note 7). 

4.2 All water used iball be cnner ououed « 
deiBimialiaed water. The water for a hydrometB 
tea ShaU be brought to the tempenUnc tha • 
expected to picvail during da hydrometer ma 
For example, if the sedimentation cylinder bte 
be ptacod in the water bath, da dbtined or (to, 
mmenlaed water to be nad shafl be brought to 
Ihe lempemtiue of the coatraHed water bath; a, 
if Ihe sedimentation cylinder a used in a noa 
with controlled temperature, tbe water far iht 
test shaU be a Ibe temperanue of da room. Tbe 
bade temperature for the hydrinneler ted b 68T 
(20XDL SmaU variations of temperature <to INS 
introduce diflfaicnoa that are of piacticd dgstf 
icance and do not prevent the MC of CM rectiua 
dmved m prescribed. 

5. Ttali 

5.1 Prepare the test sample far mechanicd 
andysb as outlined in Practice D42I. Dnriag 
die preparation procedure the sample b divided 
into two poilionsL One portion contains only 
particles relaned on the No. 10 (2.00-mm) sieve 
while the other portion contains only particles 
passing the No. 10 sieve. The maa of air-dried 
sod selected for purpose of tests, a prescribed in 
Practice D 42 i, shall be suiiiciem to yield <|ttafr 
tities for mectaanicd aiulysb as follows: 

3.1.1 The size of the poniim retained on the 
No. 10 sieve shall depend on die maximum d a 
of particle, aocording to the following sdiedule: 

NooiadOiaiaeleror 

I. AiVRiuaialeMiaiBaiB 
in. (oun) MaBorniniaa.s 

ia.(aiB) 
I (25.4) 
I * (38.1) 
t <90() 
3 (76.2) 

MaaorFWtioa.( 

2on 
3U0 
4 m 
9am 

S.1.2 The sixe of the fXMtion pasdng the No. 
lOaeve shdl be approximately I IS g for sandy 
^ and approximatdy 65 g for dit and day 
sab. 

).2 Providoa b made in Section 5 of Practice 
0421 for weighing of die ar-dry sod selected for 
yaipase of tests, the separation of the soil on the 
flo. 10 sieve by dry-sieving and washing, and Ua 
,c«bingof Ua washed and dried fiaction re-
lioed on Uie No. 10 deve. From these two 
^ s a Ihe peroenlaga relaned and pasting the 
Ha 10 neve can be calculated in auardauce 
dlhl2.i. 

Non »—Acheckoodienaavafaiaanddiedior^ 
o^tan of policriaiioa of die chMh nay be I 
t, adgUns dw pprtioo poMins dK Na 101 
rfdim dm vriiK to dw nna of dK wMhed 
aiedpoitian retained on die Na 10 neve. 

SOEVE ANALVSB OF P O m O N BETAINED 
ON NO. i « ( 2 J » a a ) SIEVE 

IK«9) 
ll(l»0) 

9W 
ion 

6.1 Separate the pmtion retained on Ihe No. 
IO(2.00-mra) sieve inloa serim of fiactions usmg 
Ibe 3-in. (7S-mm). 2-in. (SO-mm), IM-in. (37.5-
mn), l-in. (25.0-mm), Vhin. (19.0mm), Mn. 
19.5-mm). No. 4 (4.75-mm), and No. 10 deves. 
or a many n may be needed depending on the 
maple, or upon Ihe specification for die matc-
ibl under test. 

6J Conduct Ihe sieving operation by means 
d a lateral and veiticd motion of the deve. 
aoompanied by a jarring action in Older to keep 
the sainple moving continuously over die surface 
of die sieve. In no case turn or maniputale fiag-
•enls in the sample through the sieve by hand. 
Continue sieving until not more than I maa % 
9( Ihe rcddue on a sieve passes thaii sieve during 
I min of sieving. When mechanicd sieving b 
aed, test the thoroughncm of sieving by using 
Ihe hand mediod of sieving as described above. 

6.3 Determine the maa of each fraction on a 
hahnoe conforming to the requirements of 3.1. 
At die end of weighing, the sum of the masses 
Rtdned on all die deva used shouM equd 
doaely the origind mass of the quantity sieved. 

HYDROMEnB AND SKVE ANALVSISOir 
P O m O N PASSING THE NO. i e ( 2 J » a B ) 

SOVE 

Cdveclba far 

7.1 Eqnatinns for peroentagm of soil reman­
ing in supension, m given in 14.3, a c haasd on 
the use of distflled or denunerahaed water. A 
dispenmg agdd b ined in the water, however, 
and die spedfic gravity of the resuHiflg liquid b 
appredaHy greater than that of dialled or d^ 
mineraliaed water. 

7.1.1 Bodi (Oil hydrometen are cabhraied at 
68T (20t:). and variations in lemperalnic fiom 
thb standaid leaapecabne pndupe inaodiiada 
in tbe adud hydrometer raaifingi The amount 
of d a inaccuracy faneaaam the variation fiom 
lllC SlflDQUQ telDDpBiStllVC IBCICBICIB 

7.1.2 Hydrometen are graduated by the inan-
ufixAurer to be read at the bottom of the menb-
cus fanned by die liquid on the stem Suae it b 
not poadbic lo secure rradims of sod sunn niions 
at the bottom oflbe menbcus. readings must be 
taken a the lop and a conectmn apidieir. 

7.1.3 The net amount of the uuiieitioos far 
UK three items enumended b des^pnattd m die 
oomposite correction, and may be determined 
experimentally. 

7.2 For convenience, a graph or laMe of com-
podte conectioas fiir a a n i s of I* lempenune 
differences for the range of expected test I 
atures may be prqaied and used i 
Measurement of the oomposde comdions nay 
be nude a two tempdatnics (panning the range 
of expdaed tea lempendures, and collections far 
die inlermediaie temperatures calcuWnd assueii-
ing a stiaighl-line relationship between die two 
observed vdues. 

7.3 Prepare 1000 mL of fiquid compoaed of 
dblilled or deminerdiKd water and dbpeniag 
agent in the sana proportion a will prevail in 
the sedimentation (hydrometer) lest Pbn da 
liquid in a sedimentation cydinder and die cyl­
inder in the consiam-tempciauR water bath, art 
for one oflbe two lempenlum to be used. When 
the tempoaune of tiK Uquid become* constant, 
insert die hydrometer, and. after a short intervd 
to permit the hydrometer to come to da temperr 
ature oflbe Uquid, read die Mromder at Uie 
top of the meniscus formed on die stem. For 
bydromelcr 151H dw compodte correction b die 
difference between thb reading and oar, for hy-



diomeier IS2H it b Ihe difiinenoe between da 
reading and aero. Bring the liquid and the by-
dromder to the other tempenture to be used, 
and ascuie Ihe compodte correction as bdore. 

D432 

9.5 Place the cover cap on the cup and opeg 
the iur control vdve until the gage pressure is 2o 
ps (140 kPa). Disperse the soil accmding to t l^ 
following schedule: 

8.1 When tbe sample b weighed for die hy­
drometer test, wdgh out an auxiliary portion of 
from 10 to 15 g in a smaU m d d or glas con­
tainer, dry the sample lo a conslam maa in an 
oven a 230 ± 9 T (110 ± 5*0. and wdgh I 
Record da masses. 

9. DispcnfanefSdl 
9.1 When the soil bmosdy of die day and dh 

dees, wdgh out a sample of air-diy soil of ap­
proximatdy SO g. When the SMI b mostly sand 
the sample should be approximatdy 100 g. 

9.2 Place the sample in the 250-mL beaker 
and cover with 125 mL of sodium hexameta-
phospbate sohition (40 g/L). Stir until the soil b 
dmroughly welted. Allow to soak for a least 16 
h. 

9.3 At da end of the soaking period, dbpeise 
the sample foither, udng dther stirring apparatus 
A or B. If stinring apparatus A b used, transfer 
the soil-water slurry bom Ihe beaker into the 
spedd dopenion cap shown in Fig. 2. washing 
any residue fiom the beaker into the cup with 
dbtiOed or deminerdized water (Note 9). Add 
disliUrd or dcminerahrrd water, if necessary, so 
that da cup b more dan half fuU. Stir for a 
period of I min. 

Non 9—A tav UB syiiate it a ooovcniea device 
the water in die wariiing operation. Other 

hurtle and a Ime with 
mai ' 

9.4 If stirring apparatus B (Fig. 3) b used, 
remove the cover cap and connect the cup to a 
corapresaed ar supply by means of a rubber hose. 
A air gage must be on die line between the cup 
and die control vdve. Open Ihe connd valve so 
dut the gage indicates I pd (7 kPa) pressure 
(Note m Tiansftr the sni-waler duny fiom 
da beaker to Ibe air^iet dbpernon cup by wash-

diBed or demindabad water. Add 
I w deminaalized water, if necessary, ro 

dat the told vohime in the cup b 250 mL. but 
no more. 

NonIO—IheiailialairiiReRireori ps iiiaiuirad 
to pavca dw a i l - water mixture fiueii cnienng ifac 
aitiei chamho wlien dw mixture is iramfened to the 

I cup. 

Plaaicily ladn 
Uader9 

. «io20 
Owr20 

9 
10 
19 

Soik containing large percentages of mica need 
be dbpened for only I min. After die dbperdoa 
period, reduce the gage pressure to I pd prepar­
atory to transfer of soil - water sluny to die sed­
imentation cyfinder. 

10. I lydiumtti i Tea 

10.1 Imnwdialdy after dispeidon. transfer the 
soil - water iluriy to the glas sisdimentation cyt 
inder. and add distilled or deminendized water 
until the told vdume b 1000 mL. 

102 Using the pdmofUie hand over the opd 
end of the cylinder (or a rubber stopper in the 
open end), turn the cylinder updde down and 
back for a period of I min to oompleie tht 
agiutionofUieduny(Note I I ) . At da end of I 
min set the cyfander in a convenient location and 
take hydrometer readings at the following inter­
vab of time (measured Irom Ihe beginning af 
sedimentation), or a many a nuy be neednl 
depending on the sample or the specification far 
Uie maierid under test: 2, 5,15,30,60.250. and 
1440 min. If da controUed water batii b used, 
tbe sedimentation cylinder should be placed b 
die bath between die 2- and 5-min readings. 

10.4 After each reading, lake die temperaure 
of Ihe suspension by inserting the thennomdd 
into the suspension. 

I I . SicveAadyais 

I I.I After taking da find hydrometer r v ^ -
im. transfer da suspendon to a No. 200 f S i t m ) 
geve and waih with up water until the wash 
•ater b dear. Transfer Ihe maierid im Ihe Na 
jOO sieve to a suilaMe container, dry in an oven 
al 230 ± 9 T (110 ± SIQ and make a deve 
tfialysb of the portion retained, udng m many 
aeves a denred. or requued far da niaterial. or 
epon the specification of tbe maierid under lesL 

CAUVLATIONS AND BEFOBT 

NOTE 11—The number of l am dwing this I 
diould be appnnimalely 60. couwring Ihc turn tqnidi 
down and bacli a two mra. Any nal rendaina in Ike 
bottom of dw cylinder during die fan few oirat ihodi 
be looeeaed by viaoniin making of die cylinder «*» 
it it io Ihe inverted poailioa. 

10.3 When it b dedred to take a hydromdcr 
reading, carefully insert the hydrometer about 20 
to 25 s bdore the reading b due to approximatdr 
Ua depdi it will have when die reading b taken. 
As soon a the reading b taken. caiefoOy ieino<e 
the hydrometer and place h widi a spinniol 
motion in a graduate crf̂  dean distilled or detnin* 
erdized water. 

NOTE 12—hisimiMaianltoRraovediehydnimdn 
immediately aflercadiicadii«.Readii«i>ban be lake* 
a Uw up of dw meniscus formed by dw w«easea 
around tlw uem. ance il is not ponble to »co<t 
icadiiigt al the bottom of (he meniicus. 

12. Sieve Aaalyda Vdam far du 
Coancr I b a d a No. 10 (2jOO-Ba) See* 

12.1 Cdculale da percentage pasdng Ihe No. 
10 sieve by dividing Ihe mas pasdng the No. 10 
aeve by da mas of aoil originally split on Ua 
No lOdevcandmuhiplyingtiKicsuhby 100. 
To obtain the mas passing the No. 10 sieve, 
nbuact tiw mas retained on the No. 10 sieve 
bom theongind mass. 

12.2 To secure tbe told mas of aoil pa(sing 
Ihe No. 4 (4.75-mm) deve, add to da mas of 
die mateiid posing d a Na 10 sieve the mas of 
•he fiaction pasdag da Na 4 sieve and retained 
a da Na 10 sieve. To secure da told maa of 
• i l pasdng Ihe V i n . (9.S-mm) sieve, add to dw 
w d mas of soil passiag the Na 4 sieve, the 
•aa of d a fiaction pasdng da %Hn. deve and 
Mdned on the No. 4 sieve. For da remdnhig 
aeves. continue Ihe tabulations in tbe same 

12.3 To determine da told pensenUge | 
tag far each sieve, divide Ua loUl i 
ha I2J) by the told mas of sampfe and mul-
MyUaresdtby 100. 

UL Hygrnaeapfc Moiaure Carrection Factar 

13.1 The hydniacopic moisture conectiim fac­
te b U a ratio between Ua m a s o f Ua oven-
tod sample and da air-dry mas befiue drying, 
hna number k s than one. except when there 
* no hygroscopa moiaure. 

•4. Pdeain^M af Sdl fa Sasprnslou 

•4.1 Cafcufaite the oven-dry mas of soil used 

0422 

tion factor. 
14.2 Cdcdale the man of a lotd (ample icp-

resenled by d a n a n of sod used in Ua hydrom­
eter test, Iqr dividmg d a ovcndry mas used by 
Ua penxntage paaing d a No. 10 (2.00-mm) 
deve. and nudtiplying d a resub by 100. Thb 
vdue a Ua weight IT m da equatioa for per­
centage icmaining in snspcnsnn. 

14.3 The ptrcentsgt of soil ienuiping in sua-
tt the levd d which da hydrometer b 

[thr (bniity fifIhr mipfiiliiwimaybe 
cdculated m folhiws (Nole I3)c For bvdromcicr 
I5 IH: 

P - ((ItDOOIVm X GUG - G , m - 6.) 
Non 13—The bmcfceled portiob of the eqadoo 

tarhydramaer iSIH bommaa faraseriaof madiav 
and may be cdcnlaMd fifd and dicn muMdied by die 

For hydrometer IS2H: 
l>-(lla/MOxioo 

wherei 
a • correction faction to be applied to the read-

mg of hydrometer 152H. (Vafaaa diown on 
the scale are computed using a ipwifii'giav-
ity of 2.65. Correction facton are givdi in 
Tdde I). 

P ~ percentage of aoil lea 
tt tbe levd tt whicb the hydromeler 1 
smes Ihe density of thie i 

R "hydrometer reading with! 
tion applied (Section 7). 

W •> oveuHdry mas of soil in a lotd I 
repieaaled by maa of soil dbpened (see 
14.2). g. 

G - v e d f i c gravity of Ua and partkka, aad 
G, - specific gravity of the bquid m which sod 

pai i idn are •wpmtlfd Um numcricd 
vaha of one in both nalanoa m Ihe equa­
tion. In Ua fint uHlance any poadbk vari­
ation pindines no sigmficant efleet, add in 
the second mstanoe, the wmipuaite txaiec-
tion for I t b faaasd on a vafaa of one far Ci. 

•" the hydrometer analyds by multiplying the 
••'•dry mass by Ihe hygroscopic moisture conec-

IS. Dhaasao fSd l l 

15.1 Tbetf ianaarofai 
to d a pereentage mdcaled by a I 
ter trading (haO be calculated according to 
Siofca'famr (Note I4|b on Ua bads Uat a putide 
of Uus diameter wm d Ua surface of Ua suspen­
sion at Ua beginning of sedinantation and had 
settled Utthe levd al which Ua bydnNueter b 
measuring Uie dendty of the suspendon. Aooord-
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ing to Stokes' law. 
D - •JlJOn/itntG - G,)] X L / T 

where 
D « diameter of particle, mm. 
n •> oodfident of viscosity of the suspending 

meditim (in thb case water) in poises (varies 
with cfaangn in temperature of the sus­
pending medium). 

L Bdistanoe from the surface of the suspension 
to Ihe levd at which UK dendty of Ihe 
suspension b bdng measured, cm. (For a 
given hydrometer and sedimentttion cyl­
inder, values vary according to the hydrom­
eter readings. Thb distance b kiwwn m 
dfective depth (Table 2)), 

T • intervd of tinw from beginning of sedimen­
tation to the taking of the reading, min. 

G "SpecifK gravity of soii particles, and 
G, " spedfic gravity (rdative dendty) of sus­

pending medium (vdue may be used as 
1.000 for all practicd purposes). 

Non 14—Since Stokn' law coigidus Ihc (crminal 
vdodty of a aaile abere fidUiig ia an infinity of liiiuid, 
UK a « t cakubled leinmm llwdiaineler of aberei 
dut would bO a dK ante niK a die toil patticlct. 

15.2 For convenience in cakutatioas the 
above equation may be written as fdlows: 

D~KVi7f 

where: 
K s constant depending tm the temperature of 

the suspension and the spedfic gravity of 
the sml particles. Vdues of IC for a range of 
temperatum and specific gravities are given 
in Table 3. The vdue ofXdoes iwt change 
for a series of readings constituting a test, 
while values off. and Tdo vary. 

15.3 Values of D may be computed with suf­
ficient accuracy, udng an ordinary tO-in. slide 
rule. 

NOTE IS—The value of Lit divided by r u a i « the 
.4-and 0-Kalet, Ihc tquaic root bdng indicated on the 
0-«eale. Without ascertainina ihe value of UK sinaic 
raol it may be multiplied by K, udng either UK C- or 
C/-tcalc. 

16. Sieve AariydaVdaea far PbrdoaFfaar than 
N a 10 (ZjOOma) Sieve 

16.1 rakulatitm of percentages pasdng tbe 
various sieves used in deving the portion of the 
sampte ftom Ihe hydromdcr lest involves severd 
steps. The lint step b to calculate the mass of the 

fraction that would have been icldned on |L 
No. 10 sieve had it not been removed Thb i^Z 
is equal to the total percentage retained o n ^ 
No. 10 sieve (100 minus total percentage p a a i ^ 
times Ibe mass of the lotd sample r e p r ^ ^ ^ 
by the m a s of soil used (as calculated in 14% 
and Uw resuh divided by 100. ^ 

16.2 Calculate iKxt the told mass pasdng |k 
No. 200 sieve. Add together the fractiond m a ^ 
retdned on d l the sieves, including the No. MJ 
sieve, and subtract thb sum from the m a a of |^ 
total sample ( a calculated in 14.2). 

16.3 Calculate next the told masses pasaq 
each of the other sieves, in a manner dmi l«^ 
thtt given in 12.2. 

16.4 Calculate last the told percentages pa^ 
ing by dividing the told mass pasdng (as cak» 
latcd in 16.3) by the told m a s of sample (« 
cakwiated in 14.2), and multiply the result k 
100. 

17. Graph 

17.1 When the hydrometer analysb b p» 
formed, a graph of the test results shall be mm^ 
plotting the diameters of the partides on a bi^ 
rithmic scale as the abscissa and tbe peroenlapi 
smaller than the corresponding diameten to • 
arithmetic scale as the ordinate. When the hy­
drometer analyds b not made on a portion of 
the soil, the preparation of the graph b optional 
dnce vdues may be secured direcUy from taba-
laieddau. 

10. Report 

18.1 The report shdl indude the fdlowing: 
18.1.1 M a x i m u m size o f pan ic les , 
18.1.2 Percentage pasdng (or retdned oal 

each sieve, which may be Ububted or presenid 
by phnting on a graph (Note 16), 

18.1.3 Description of sand and gravel pani-
des: 

18.1.3.1 S h a p e — r o u n d e d o r angula r , 
18.1.3.2 H a i d n e s s — h a r d a n d durab le , sod, o* 

weathered a n d friable, 
18.1.4 Specific gravity, if unusudly high <* 

low, 
18.1.5 Any difficulty in disperang the fractio* 

pasdng the No. 10 (2.00-mm| sieve, indicaiid 
any change in type and amount of dispeidd 
agent, and 

18.1.6 The disperdon device used and iC 
length oflbe dispersion period. 

jgoTt 16—Tliis tabulation of gnqrfi repnsenU die 
^^ ion of the ampK tested. If poitidci lataer than 
^ZcaMoauA in the ample were remcraed before 
Z^tn, Ihe itpoit shall so statt giving ihe amouM and 

. |g.2 For materids tested for compliance with 
^o i te spedfications, the fractions cdled for in 
L ^ ^ledfications shall be reported. The fiac-
^ s m a l l e r than UK No. 10 sieve shdl be read 
l«n UK graph. 

|g.3 For materials for which compliance with 
^g i te spedfications b not indicated and when 
^ ail b omiposed dmost entirely of partides 
^ i « the N a 4 (4.75-mm) sieve. UK resuitt 
l ^ l t o m the graph may be reported as fdlows: 

(JI (jiavcl, paaixa 3in. and retained on 
No.4ac«c 

in Smd, patung No. 4 sieve and le-
taiiwd on No. 200 neve 

(a) Coara sand, passing No. 4 sieve 
and retaioed on No. 10 arvc 

(M Medium sand, panins No 10 
- - on No. 40 

If) l^ac and. patdng No. 40 sieve 
and iciained on No. 200 sieve 

(J) Sih a a , 0.074 to 0.00} mm 

% 

% 

« 

« 
% 

^4^ Ctaysii 
Colloids. 

lOOOSm 
t n O.OOt I 

% 
% 

18.4 For nuieiiab for which compKanoe wiUi 
definite specifications b iml indicaied a id when 
the soil coatdns maierid reldned on UK No. 4 
sieve sufficient to require a sieve analyds on Uut 
portion, the resuitt may be reported a follows 
(Note 17): 

SIEVE ANALVSB 

SieveSia Passing 

J-in. 
2-in. 
IVMO. 
l-in. 
IWn. 
Vfc-in. 
No. 4 (4.7S-mm) 
N a 10 (2.004nm) 
Na.40(423-i im) 
No.200(7S- | im) 

HvoaoMETai ANALVSB 

0.074 mm 
0.00s m m 
0.001 m m 

N o n 17—No. t (2.36-mm) and N a 30 (30Opm) 
sieves may be w b d u i i e d for No. 10 aad No. 40 sKvex 
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ISIH 
TABLE J Val t a t t kaVmh or I M k b la l l j a m mAjpl ia 

IS2H 

2.91 
I«0 
US 
ISO 
l i s 
2.10 
r ts 
i M 
ISS 
2.S0 
2.41 

0.94 
0 9 1 
0.W 
097 
ASS 
0.99 
ISO 
lO I 
102 
1.01 
lOS 

SpBcilic dsbity of Sod Poncto 

Hyomft ' 
Hy- Hy- Elbe. 2.4) 2.n 25} 2 . « 2.6S 170 2.75 2 J 0 . 2M 

Diafe. 
l , C S B 

1.011 
1.012 
t o i l 
l O M 
101) 
l O l t 
I017 

ton 

( I 
7 J 
7.« 
7.) 
70 
«.( 
».) 
6 J 

imo 
1001 
I0B2 
IJOOI 

I S M 
lOO) 

IO06 
imf7 

ton 
I i m 
l O U 

ion 
IOI2 
l O l l 
IOI4 

tots 

l O l t 
IOI7 
lOIS 
IOI9 
1.0X1 

I02 I 
I022 
I021 
iai4 
1.021 

I.0K 
i on 
I02S 
1019 
lOlO 

I 6 J 
I U 
ISJ 
15.) 
I) .2 
ISO 

I4L7 

14.4 
I 4 J 
11.9 
11.7 

1X4 
111 
119 
124 
111 

111 
I U 
11.5 
I U 
n o 

I 0 7 
M.S 
lOl l 
too 
9.7 

9.4 
9 J 
S.9 
t a 
SJ* 

0 
1 
2 
1 
4 
5 

6 
7 
8 
9 

10 

I I 
12 
11 
14 
15 

la 
17 
IS 
19 
10 

21 
22 
21 
24 
25 

26 
r 

' 28 
29 

» 

16.1 
16.1 
ISO 
I S J 
ISJS 

15.5 

15.1 
15.2 
ISO 
I4.S 
14.7 

14.5 
14.1 
I 4 J 
I 4 0 
I M 

11.7 
I U 
111 
112 
110 

12.9 
12.7 
115 
114 
112 

I 2 0 
11.9 
11.7 
11.5 
11.4 

11 
12 
11 
M 
» 

16 
17 

» 
S9 
40 

41 
42 
41 
44 
4) 

46 
47 
a 
49 
50 

) l 
)2 

)) 
54 
)5 

56 
57 
58 
59 
W 

11.2 
I I I 
I 09 
I07 
10.6 

104 
102 
lO I 
9.9 
9.7 

9.6 
9.4 
92 
9.1 
L 9 

(.( 
(.6 
(.4 
(.1 
(.1 

7.9 
7 J 
7.6 . 
7.4 
7.1 

7.1 
70 
6.( 
6.6 
6.5 

1 - 1 . . - f U | t i - ( I V - 4 ) I 

L — cnemvedapili, cm. 
t , - dioaace alias iht flea ardebtAoaaeUr aoa d k ^ 

«f be Wb to ae awA Car a MraoMB leadi^ caC^ 
t i • ni i i i l l lcatf iarttehjdiui iai i i tafcon. 
Ca - wdjoneaf bydiuiia ai toBii cm*, aad 

Vataea aied ia dkaauias Oe wriiwli b t a i e 2 we a faOo^ 
For tnlfa IqdtaaMna, I5IH tad I52H: 
!« - I40aa 
I'a • 670ctf 
A - 27 J OB* 
ForlqdwacawlSIH: 
L, - ia5caiferaiariia(ori.000 

- 11 cm hr a itajl i i jaf lOl l 
Rirhjdiuailu|52H: 
l i > IO5«aifcraieafiatar0|^Bac 

- 11 en ( » a icadios al 50 i^ilae 

16 
17 
l( 
19 
20 

21 
22 
» 
24 
25 

26 
J7 
28 
2» 
» 

001510 
001)11 
001492 
001474 
0.014)6 

ooun 
0OI42I 
001404 
oo i in 
001172 

0OI157 
0OI142 
0OI127 
0.01 } I2 
OOI29( 

001)05 
0014(6 
0 O i a 7 
0AI44> 
0014)1 

001414 
001)97 
OOtlSI 
OOI165 
001)49 

OOI IM 
001119 
001)04 
0OI290 
0.01276 

0.014(1 
aoia2 
0OI44I 
0.01425 
0.0140( 

001)91 
001)74 
O.OllU 
001142 
001)27 

0.01)12 
0.01297 
0 0 1 2 0 
0.01269 
0012)6 

0014)7 0014)5 : 0OI4I4 
o o M N 0O14I7 ( i o i n s 
0.01421 OOI199 o m v a 
O O i a i 0AI)S2 O O I K I 
O.OlMt 001)65 O0I144 

001169 
OOID) 
aoi))7 
0OI121 
O O l l M 

0O129I 
001277 
0OI264 
001249 
0012)6 

ooi ia 
0OI112 
( i .b i ) i7 
o o i n i 
0012(6 

00(2 
0OI244 
O0l2)0 
0.01217 

0OI12S 
0OI1I2 
001297 
0OI2S2 
0OI267 

0012)) 
001219 
0OI255 
001212 
0OII99 

001)94 
001176 

aaaat 
O O I M I 
001125 

OOIIO* 
001294 
0OI219 
6.0I2M 
001249 

001215 
0OI22I 
o.oi2as 
0OII95 
0OilS2 

0OII74 
001156 
0011)9 
0.1)21 
001107 

0OI29I 
001276 
OOIKI 
001246 
60IU2 

001218 
0OII04 
001191 
00117S 
O0II65 

0.011)6 
d.blU( 
(i.6ii2i 
Ooim 
0012(9 

0.0127) 
OOI25( 
OOlUl 
001229 
0.01215 

OO120I 
QOlin 
OOII75 
001162 
0.01149 

^Ne.18 8W G o * a 0 4 9 ' 

ChronM Ptolid 

MIU^ 0.209* ioooT 

(o) lb) 

0.001 
0 0 ) 

nc. I 

0.049 
1.24 

O20) 
5.16 

Vt 
1 1 7 I90 

• •>? 



SZI K l 

• m l l l j a a a o 

a dn3 
W1I13)SSS0U3 

it-nv r-3u 

a « D 

gxss: 

WU^P* 

•WW VW9»WHi#^4^f 9*01 y^mty ' i i u i jjutr<9»w 

H^Mtf J ^ ^HH ̂ B JBHpBBDflV JB^pKfHV ifVBSSSdBM j y 4y JBSfy A 9 0 BIIBIMf 010Bf̂ CW If, 
• • I 

ou 

j » > a ^ m w M a r m p P " W > w j ) t m a i ••wa»—wpdi—wupdti luiji ' 

r j a e ^ a ^ a d ^ Q I - g u 

r t 6 99 t f 
« t « r i 

am 9f( rsii rat M I rzz ww 
U M M ! I « -w 

a»o ^ B b O 



§> 1071) 

StMHtafd T M I MMhod fw 
AMOUNT OF MATERIAL M SOILS FINER THAN THE NO. 
iZOO (7Si im) SIEVE' 

(Ml atMaodSa tam itnpmnedjbr air *)> 

dwysaror 

I. 
I.I This method coven 

BOI amount of mateiid in soib 
So.200(75iim) 

oTdw 
finer thin the 

2.1 Sieves—A ned of two sieves, Uie kiwer 
tciag a N a 200 (73-|un) sieve and the iqiiMr a 
No 40 (425iun) vevt, both oonf inung to 
ASTM Specification E l I, for WiieiQolb Steves 
far Testing Puipoaes.' 

2.2 CoiKouwrs—A pan or vcsad of suflkieat 
l id to cimtain the ted sample covered with water 
ad to permit of vi(onws agitaiion without ad-
wrtnt loss of any part of the sample, and a 
ieoond pan or contuner for use in d iy in t the ted 
oatpie afieir washinig. 

i T t d i 

}. l The ted sample shall be adecied from 
auternl that has been thoraughly mixed. A lep-
Rseatative sample, sulBcient to yieU not k m 
ibsa Uw appnniinate weight of dried nuterial 
daiwn in the following table, sbaO be sdecttd 
idng a sample spbtier or by tbe melbod of 
quartering: 

at a tempoatuie not eaeeeding 230 ± 9 F (110 
± 5 C) and wdgh to tbe aeaicd 0.05 peeoeat, or 
altemativeiy, w e i ^ the ted (ample moid and uae 
an auxiUaiy moastuc ooaieat sample to tkicr-
mine the niodtue oonleat of tbe samptoL t h e 
wdght of Ibe aaoistiiracoaieatSBaipleafaaD be 

120 and 30 pcpsent o f lbe weight o f the 
. CakuIsM the awe»4tay weight of the 

test sample finm Ibe moid awight and the i 
tiiie content 

4 2 Place the test aanpleia I 
suiBcieat dean water to cower it, and allow to 
soak a minimum of 2 b (ptcfoibiy ovcraigbt). 

4.3 Agitale tbe coateots of dw container vig-
orausty and poor tbe wash 
over tbe nea|Bd (ieves, ananasd with the i 

! on topi Repeat tbe process of adding I 
' to the oontaincr to cover tbe sample, agi-

tatiag the onnteiUs o f the ooataiaer, and poufiag 
the wash water over tbe nested sieves uatil t iw 
wash water is dear. Whea Uw total aaniile is 
t aun , tbe eaiiR CMntrnis of tbe soaking con­
tainer may be tnasfeind to itw nested sie«a 
after the b d washing aiHl tbe wasbiag ofwiatioB 

ia aocoedaaoe with 4.4. The 
-aeed not heaved. 

200 
SOD 

1)00 

2)00 

4.1 Dry the test sample to a constant weight 

0.07(7 (No. 10 a •wuro 
0.lt7(No.4anr«)(4JSa 
K( 190 earn) 
l(250ami) 
l«lara««r()7.)aui) 

of the lea may am.beconect (bdag loo low) fiv adb 

ftartion Thb aiganis to be due tbiafly m i 

' TNt mtUwd it aadw uw jaritdMaa or ASTM 
IVISoo Sail aad loch. 

CwiaM adidaa esummd Sipi IS. 1954. 
l9S0.RtdaenDII40-S0T. 

' . landOM*t#'4SnfaaBdm*,Voeie4Ot.0«A04iM^ 
05.05, aad I402. 
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,ifartheadBu(3001linttionfarnKbaioa.the 4.5 Diy the watbdi matoi^ tciaiatd daihi 
portion of the sample pawing the Na 40 sien aad - I ^ M | I deves in a cwrtaiiMT to a f«*rtiwi wcidi 
ictwaao oa tae na xuu IWIK letuiwd m ine uaauag _ _ iii«iiiiiii» ••/« »«inM»imii 9in ̂  OFrna 
-__jxii-]: ji«a t»t»«nA».Mi «i»ti,»«>!»»»««•.«<».rf at a tempeiauue not eaoeeaing zju x » r (its 
H L T ^ ^ apfaiw. UI<^ jy M.45,jrp7??rPwSlr- ± 5 O M H dry-wcve it OU Ow ucBOd i k w (Nsfc 
aKAadyasorSdta.'UKCHplBledbdr(Ulwimwattr 3).WeighthedryfflateridiciaiaedoadwoeaH 

IfcrlmmAAerthbagiiaiian deves to the neaicd 0J)5 peiodiL 
ItoUKBCMd NOW 3-48omemaaridpssw(theNa200(75yd 

"if thr wirif^ liTyiHri "r* IHFI brrr itri l prtiF " sieveondq'sieviagttaldidBmpawdBnagfteuadiy 
ihediyitwaflhepMiieaorthesaaBdelsvrtlamthe openliaaWheailedied,ade«eaBalysbinaybeaaft 
Na200(7Siun)dcve,andiibdwnedtodosbdl(r ?f»«^P?;5?^5'*« ? ? « * » ' * « ! ! * • * • ' * » • " ' 
<iiyiiii^tViiwTffiM»T«atiht"*'f'TrrWT^riibrf>^ aeve, uaoooidanKwnh Method D422. 
40 (425iun) deve: dw portion Rtdaedmril be saved; . _ 
I D B iBC BOaDDB B H H Q C • D H I Bm B ^ H B B I B ^DB Q B B O m D B ^ * ^•^•a^^Hnai^BV 

^ y u T y i T ^ Q ^ L ^ ^ T * ^ . i ' T T ^ ^ i * ? ! ? 5> CdculBteUw results as foUowK 
cup man be n ^ m d to tefto. 200 deve. warned. P-RW.-fr , ) / i i 'Jx 100 

^ d ^ ^ t e t ^ b T a a d i d ^ ^ . ^ ' ' - peiWBt^of«ataidfinerthmiNo.20B 
dWiwoAaetians. (7S^m)swvc 

AA TmiMibr tk. » . d . u, eh^ - • ^ . . .^ W. " wcightofwigiaalSBmpkOUBuov«wdt> 
-o.o iiansRr tne —wp*^ u tne nesiBQ swves v j^ aiui 

S S ? 2 i r ' S f S S r i 2 ^ ^ IF.-Siywdghtof-mple.tei 
sampse u laigcr tnaa can oe Hanflwia at one tune _ , . j ^ .- .^^ _ 
ondwneMadwe«a.«adiaponionofUwaaipie >ad diy^wving. g 
and tnasfiv to the container in wUeb it • to be 
dried. 

N o n 2—Tappng of deem bm been bund to ca-
'ilaaaaf Oaa* t^ASTtd SUidudk, Vol MiM. 

Vdri^dll)r4^a«'«^ 

aaaaUUrlwMadoMBmMt aM*jaatmgiraamdl tfyamfittUmiaM lUiiamaubewaiitiaomudajBftim'ar!<•*** 
maleJ57VCMwamKi aa Haitufc, IfUOdnSt,fSftiditain fa. t f lU . 
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' 7 8 An AMMrtcan t M t o 

StMdwd T M I Method* tar 
MOISTURE-OENSITY RELATIONS OF SOILS AND SOIL-
AGGREGATE MIXTURES USING 5.5-lb (2.4»ko) RAMMER 
AND 12-ln. (305-min) DROP' 

1. 
. I.I Theae laboraloty dmspaclian methods 
oover tbe ddennniation o f the rdaiioadup be­
tween the moistuie content and density of aoib 
and sail-aggiegB(e nuxtwca (Note. I) what 
coaipaded in a miild of a given siae with a 5.5-
lb (2.49-kg) rammer dropped from a bdght of 
12 taL (305 mm) (Note 2). Four alternative 
pfoeedurm aic provided M follows: 

I.I.I Method A—A 4-m. (IOI.6-mm) mtdd; 
nuilerid passing a No. 4 (4.75-mm) sieve; 

I . U Method B—A 6-m. (I5r4-inm) moU; 
matnid paming a No. 4 (4.75-mm) sievr. 

1.1.3 Method C—A 6-in. (152.4-mm) moM; 
maierid pasdng a ^ i n . (19.0-mm) sieve; and 

1.1.4 M^hod D—A 6-in. (l52.4-nun) mold; 
nbler id pasdng a V i n . (19.0-mm) sieve, cor­
rected by icpladmient for material tdained on 
a %-in. sieve. 

Nora I—Soikaidtoil-aggrcgaicinixtorctthouU 
ba icganlcd as natural oeainiag fiiie- or coane-
painui mah ot oompositet or mixiuret of natiud 
toils, or mixmra or. natanl and praoctied toilt or 
agflcgaicssacb as tilt, grtvcl. at crushed rock. 

Tlora 2—Thcaclabonlatyooaqactiantatmcth-
adt when ntad tm toib and toil-aggregaict whidi arc 
not ftoa^draining anil, in idiul CBict, cnaUith a weil-

leited. I f no method b spedTied. the provisiom 
of Section 5 shall govern. 

r(teaSecdon 1). Hoivcvcr. for fice-draiaiag 
ggMOMialnrefc thete mwhndt will 

ant, in many daaa, peodtee a ««ll-defined moittotc-
daady idadaadite and the maximum deadly ob-
taiaiid wm gwiittDy be lea Uian that obtained by 
vibmoiy flMiBon. 

12 The method to be used should be indi­
cated in the spedfications for tbe material being 

2.1 ASTM Standards: 
C 127 Test Method for Spedfic Omvity and 

AbaOrption of Coarse Aggicgate* 
D854 Test MeUmd for Spedfic Gravity of 

Soib* 
D2I68 MeUiods for CaUbration of Ubora-

toiy Medumicd-Rammer Soil Compac­
tors* 

D22I6 MeUtod for Laboratory Detennina-
tion of Water (Mobture) Content of Soil 
Rock, and Soil-Aggregate Matures* 

D2487 T o t MeUmil for CtassiTaMlion of 
Soib for Engineering Purposes* 

D24giB Practice far Description and Identili-
catim of Sods(Vbual-Manual Procednre)' 

E I i Spedfication for Wire-Cloth Sieves for 
Testing Purposes* 

3L Apparatus 
3.1 Molds—The molds shaO be cyUndricd 

in shape, made of rigid metal and be within the 
capadty and dimensions indicated ia 3.1.1 or 
3.1.2. The nmlds may be the "split" type, coo-
sisting dther of two half-round iKctioiis. or a 

r mdcr dK jsmdicliaa or ASTM C W 
O-ISoa Sail aad Rack. ^ ^ 

mioa a w n M d April T), 1978. PUHabed J w 
1978.0»iiia«ay imti l idir i a» O t M - 4 2 T. L a a p r e « i a a t ^ 
lioa O t M - TO 

' Annnal Bardt t fASTM Standards. Vob 04.02 aad 04.01 
' 4n i tar Book idASTM Stmidards. Vol 04.0(. 
' Aiimnal Bar* €f ASTM Sundardt. Vob 0401.04 0 2 . 0 * » -

n^nVand 14.02 

section of pipe split aloiig one element, 
which can he securely locked higelber tii form 
i cylinder meeting the requireinents of this 
section. The molds may also be the "taper" 
(ype. providing the internal diameter taper is 

. uniform atid is not more than 0.200 in ./linear 
R (16.7 mm/linear m) of mold height. Each 
mold shall have a base plate assembly and an 
extensinn collar assembly, both made trf rigid 
metal and constrwrted so tbey can be securely 
attached to or detached from the mold. The 
estension collar assembly shall have a height 
eslending above tbe top of the mold of at 
kast 2 in. (50.8 mm), which may indude an 
upper section that llares out to form a funnel 
provided there b at least a Va-in. (19-mm) 
straight cylindrical section beneath it. 

3.1.1 Mold. 4.0 in. (101.6 mm) in diume-
ter. having a capadty of Vjo ± 0.0004 f t ' (944 
* 11 cm-̂ ) and conforming lo Fig. I . 

3.1.2 Mold, 6.0 in. (152.4 mm) m diameter, 
having a capadty of Voja ± 0.0009 A* (2124 
± 25 cm*) and conforming to Fig..2. 

3.1.3 The average internal diameter, 
height, and volume of each mold shall be 
determined before initial use and at intervals 
not exceeding 1000 times tbe mold is filled. 
The mold volume shall be calculated from the 
average of at least six internal diameter and 
Ihree height measuremenis made to the near­
est 0.001 in. (0.02 mm), or from the amount 
of water required tocnmpleteiy fill Ihe mold, 
corrected for temperature variance in accxird-
ance with Tabic I . If the average internal 
diameter and volume are mil within the tol­
erances shown in Figs. 1 or 2. the mold shall 
not be used. The determined volume shall he 
used in computing Ibe required densities. 

3.2 Rammer—The rammer may be eiiher 
manually operated (sec 3.2.1) or mechani­
cally operated (see 3.2.2). The rammer shall 
lull freely through a distance of 12.0 ± ' / i * in. 
(304.8 ± 1.6 mm) fr«>m the surface of ihc 
HKdmcn. The manufactured weight of Ihe 
rammer shall he S.S ± 0.02 lb (2.49 ± O.Ul 
kg). The specimen contact face shall he flat. 

3.2.1 Manual Rammer—Tbe spedmen ciw-
lact iiGe shall be circular with a diameier of 
lOOO ± 0.005 in. (50.80 1 0.13 mm). The 
lammer shall be equipped with a guide-
deeve whidi shall pimride sufliciem dearanoe 
m that Uw free faU of the rammer shaft and 
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head ivill not be resttided. The guidedceve 
shall have four van hoks d eadi end (eight 
holes told) located with centers V» ± Vu in. 
(19.0 ± 1.6 mm) from each d id and spaced 90 
deg apait. Tbe minimum diameier of this vent 
holes sbaH be « i n . (9 J mm). 

3.2.2 Mechanical Aommer—The rammer 
shall operate mechanically in such a manner 
as to provide uniform and complete coverage 
of the specimen surface. There shall be 0.10 
± 0.03 fai. (2.5 t 0.8 mm)dearance between 
the ranuner and the inside surface of the mold 
at its smallest diameter. When used with the 
4.0-in. (101.6-mm) mold, the specimen con­
tact face shall be dicular whh a diameter of 
2.000 ± 0.005 in. (50.80 ± 0.13 nun). When 
used with Uw SJO-ia. (152.4-mm) nmU, UK 
spcciinen contact face aJiaU have the shape of 
a section of a circle of a radius equal to 2.90 
± 0.02 in. (73.7 * 0.5 mm). The sector face 
rammer shall operate in such a manner-thai 
the vertex of (he sector b positioned at the 
center of the specimen. The mechanical ram­
mer shall be calibrated and adjusted, as nec­
essary, in accordance with 3.2.3. 

3.2.3 Calibration and Adjustment—^The me­
chanicd rammer shdl be tsalibrated. and Mfiusted 
as necessary, before initid use; near the end at 
each period during tvhich the mold w » iHkd 
1000 times; bdorie reuse after anything, includiiag 
repairs, which may alGict the test resdts signifi­
cantly: and whenever the test rewhs are quesr 
tionaUe. Each calibration and adjustnient shall 
be in accorddwe with Methods 02168. 

3.3 .Sample E.ttruder (optional)-A jack, 
frame or other device adapted for the purposi: 
of extruding compacted specimens fnmi the 
mold. 

3.4 Balances-A balance or stale of at 
least 20-kg capsuily sensitive lo £ 1 g and a 
balance of at least 1000-g capacity sensitive 
to ±0.01 g. 

3.i D r^ r^ Oven, thermostatically txm-
trdled. preferably of dw (oroed-draft type, ca­
pable of maintainmg a tenqwriuure of 230 ± 
9*F (110 ± S*C) for delerininmg the mobture 
contem irf" the oompacmd spedmea 

3.6 Smtgfanfgi A stiff meid straightedge 
of any convcniam length but not lam than 10 
in. (U4 mm). Tbe scraping edge (hall have a 
stra^htnea toteranoe of ±0.005 in. (±0.13 mm) 
aiMl shall be beveled i f it b thidwr than tk in. 



(3mm). 
3:7 Sieves. 3-in. (75-mm). Va-in. (19.0-

mm)and No. 4 (4.75Hnm). conforming to the 
reqmrenwnis of Specification E l l . 

3.8 Midiw Toofs-Mboellaneous tools 
such as mbibig pan. spoon, trowel, spatula, 
etc.. or a suitable mechanicd device (or thor-
tmghly midng the sample of soil with incre­
ments of water. 

4.1 Specimen Preparation -Select a repre­
sentative portion of quantity adequate to pro-
viiie, after sieving, an anmimt of material 
wei^ring as fbUows: Mediod A - 2 5 lb (11 
kg): MeUiods B. C. and D-SO lb (23 kg). 
Prepare specimens in accordance with ehher 
4.1.1 U>tougb4.1.3or4.l.4. 

4.1.1 Dry IV^paroBon /Votedure-If the 
sample b too damp to be friable, reduix the 
mobmre content by drying until the materid 
b friabfe; see 4-1.2. Drying niay be in air or 
by the use of a drymg apparatus such that the 
temperahue of tbe sample does not exceed 
14(fF (60X:). After drymg (if requiietl). 
dtonmghly break iip the aggregations in such 
a manner as to avoid redudng the natural size 
ot Uw partides. Pass the materid through tbe 
spedfied sieve as foUows: McUwds A and B -
No. 4 (4.75-omi); Metinds C and D-Va-in. 
(19.0«m)i Ccnect far owcisim materid m ac-
cn^Bce widi Sectioa 5. if hleUwd D b speci-
Sed. 

4.1.2 Wbeaevcr practicable, sods dasdfiedm 
ML, CL, OL. (X; SC MH. CH. OH and FT by 
Test Method D24S7 dwa be prapand in aocMd-
anoe widi 4.1.4. 

4.1.3 Pitpare a serim of at least four speci­
mens by addnig uwreadng anwunts of water to 
each asinple so that dw moisture contentt vary 
by approximatdy I MX. The moiatuie contents 
srlocseddiallbmdwt the optimum tnoistuie con­
tent, thus providing ipecimens wfndi, u4wn com-
pacasd, wiD mcmae in man to Uw maximum 
(ieasity and Uwn dec wnnim density (see 7.2 and 
7.3), Tboraagbly nus each specimen w cnsme 
even i'''lf'Nli™i' of tmiistuR thraughoiit and 
then plaee hi • separate covered contdner and 
allow to sland prior to compaction in accordance 
widi Table 2. For dw purpose of selecting a 
standmg time, it b not required to perform the 

actud daasification procedures described in Test 
MeUiod D2487 (except in UW case of referee 
testing), if previous data «ust which provide a 
basb for damifyittg UK sample. 

4.1.4 Moist Preparation Method—The UA-
lowing alternate procediire b recommended for 
soib dasdfied » ML. CL. OL, GC. SC. MH. 
CH.OH. and PT by Test MeUwd D2487 WiUi-
oul previoudy drying UK sample, pass it Uuough 
Uw Va-in. (I9.0.mm) and Na 4 (4.75-mm) deves. 
correct for ovcraiae materid in accordance vriUi 
Section 5, if Mdhod D b spedfied. Prepare a 
serim of d least four spedmeta having moisture 
contents that vuy by approximddy I'/i %. The 
moisnnc comenis sdecied shall bracfcei Uw op. 
timum mobtuie content, Uius providing speci­
mens whidi, when compacted, will increase in 
mam to the maximum dendty and then tieciease 
in density (see 7.2 aad 7.3). To obtdn Uw appro­
priate moisuuc comem of eadi specimen. UK 
addition of a predetermined amoum of water 
(see 4.1.3) or Uw removd of a piedeieimined 
amoum of mobture by drying may be necessary. 
Diying may be in air or by the use of a drying 
apparatus audi Ihat the temperature oflbe spec-
imendon UM exceed l4QrF(60tD. The prepared 
specsmem shall Uwn be Uwroughly mixed and 
stand, m specified in 4.1.3 and TaUe 2. prior to 

Hon 3-With practice, il it usually possible to 
vinally judge Ibe poim of ojnmum moistare 
doaely enough 10 thai the prepared t|Kcinicns will 
bracket the pomt of optimum moisture content. 

4.2 Specimen Compaction-Sekct the 
proper compaction mold, in accordance with 
the melbod bemg used, and attach the mold 
extension collar. Compact each specimen in 
three layers of approximately equd height. 
Each layer shall receiw 23 blows in the case 
of the 4-in. (lOI .6-mm) moid: each layer shall 
receive 56 Mows in the case of the 6-in. 
(152.4-mm) mold. The total amount of ma­
terial used shall be such that the third com­
pacted layer b slightly above the lop of Ibe 
mold, but not exceeding 'u in. (6 mm). 
During compaction tbe mold shall rest i>n a 
uniform rigid foundation, such as pro\ idcd by 
a cylinder or cube of concrete weighing not 
less than 200 lb (91 kg). 

4.2.1 In operating the manual rammer, 
care shall be taken to av<iid rebound of the 
rammer from Ihe top end of Iltc guideslcf»e. 

The guidesleeve shall be held steady and 
within S deg of the vertical. Apply llie blows 
al a uniform rate not exceeding approximately 
1.4 s per blow and in such a manner as lo 
provide complete coverage of the specimen 
surface. 

4.2.2 following compaction, remove the 
extension collar: carelully trim the compacted 
specimen even with the top at the mold by 
means of the siraigliiedge and determine the 
mass of Ihe specimen. Divide Ihe mass of the 
compacted specimen and mold, minus (he 
mass of the mold, by the volume of the mold 
(see 3.1.3). Record the result as IIK wet 
density, >„, in pounds per cubic fool (or 
kilograms per cubic metre) of lite compacted 
specimen. 

4.2.3 Remove Ihe material from the imtld. 
Determine moisture content in accordance 
with Meiliod D22I6, using eiiher the whole 
specimen or allernalixely a representative 
specimen of the whole specimen. The whole 
specimen must be used when llic permeability 
of the compacted specimen is high enough so 
Ihat the moisture content is not distributed 
uniformly throughout. If Ihe whole specimen 
is used, break il tip lo facilitate drying. Obtain 
Ihe representative specimen by slicing Ihe 
compacted specimen axially through Ihe cen­
ter and removing 100 to 500 g ol material 
from one of Ihe cut faces. 

4.2.4 Repeat 4.2 through 4.2.3 for each 
specimen prepared. 

5. Ovcrdirc Corrections 

5.1 If .Ml % or more of the sample is 
retained on a '/4-in. (IV.O-mm) sic\c. tlien 
none of ilic mclhtxls described under tiKse 
mcllKNls shall be used lor the determination 
of either maximum density or optimum mois­
ture content. 

5.2 Mediods A and B-The material re­
tained on the No. 4 (4.75-mm) sieve is dis­
carded and no overdze correction is made. 
However, il b recommended that if the 
amount of material retained is 7 % or greater. 
Method C be used instead. 

5.3 Mediod C—The material retained <m 
Ihe V4-in. (19.0-mm) sieve b discarded and 
no oversiae correction is made. However, it 
Ihe amount of material retained is 10 <7( or 
greater, it b recommended that Method D be 
used instead. 

Don 
5.4 MedwdD: 
5.4.1 This methtxl shall not be used unless 

tbe amount of material retained on the Va-in. 
(19.0-mm) sieve b 10 % or greater. When 
the amount of material reUined on the V4-in. 
sieve b less than 10 %, use Medwd C. 

5.4.2 Pass the materid retamed on the Va­
in. (l9.0-mm)sieve through a 3-in. or 7S-mm 
sieve. Dbcard tbe materid retained on the 3r 
in. deve. Tbe nuterid pa»ng Uw 3-in. deve 
and retdned on thd Va-m. sieve shdl be 
replaced whh an equal amount of material 
pasdng a Va-in. sieve and retained on a No. 4 
(4.7S-mm) sieve. The material for replace­
ment shall be token from an unused portion 
of the sample. 

6.1 Calculate the moisture conteiit and the 
dry dendty of each compacted specimen as 
follows: 

w = [(A- BMiB - 01 X 100 
and 

r- = \r .nw + 10(9] X too 
where: 
w = moisture content in percent of the anii-

pacted specimens, 
A = mass ofcontoiner and moist specimen. 
B • mam of container and oven-dried spcc-

C - mamofooalainer. 
ya - diy dendty. m pounds per cubic foot (or 

bdogiams per cnhk metre) of Uw com-

Ym =" wet density, in poumb per cubic foot 
(or kilograms per cubic metre) of the 
compaihed specitiKn. 

7. Moisane.I>endty RcMonddp 

7.1 FromthcdataobUinedin6.l,plmibe 
dry dendty values as ordinales whh corre­
sponding maiatiire contents as abacisaaa. Draw 
a smooth cnrvc conneamg Uw pfeUed ptants. 
Abo dnw a curve termed Uw '^urve of eom-
plete saturatioa" or "mro air voids carve" 00 
Uus pfat. Thb cnive lepnaentt Uw idatiooship 
between dry dcnaiqr and corrrsponding mois­
ture coaieau when Uw voids are compleidy 
fdled wiUi water. Vdues of diy deadly and 
coricaponduig mobture contents for pkating 
Uie curve of oompleto satuiatioo can be com-

file:///r.nw
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Trf = 

c. = 

putod using the following equation: 

w« - i(«a.4/yj - (1/C.)I X 100 

where: 

W0 = moistine oontent in percent for com­
plete saturatiim. 
dry dendty m pounds per cubic loot 
(or kilograms per cubic metre), 
specific gravity of the material being 
tested (see Nole 4). and 

62.4 = dendty of water in pounds per cubic 
foot (or kilograms per cubic metre). 

Non 4—Tltt ^eoBe grsvily at the 
dthcr he atsmned or baaed ou the w 
vdues a£ (a) UK tpJMific gravity of the I 
Ibe NoL 4 1A.iyaam) meat m -" i^ j **** -^ wim Test 
Medwd DSS^ and (A) tbe appaieu mecilSc amvity of . 
Ihe maierid icttnwd on UK No 4 sieve in aacordaace 
•idiTcdMcdiadCI27. 

7.2 Optimum Moisture Content, w . -The 
moisture contem corresponding to the peak 
of the curve ibawn as directed in 7.1 shall be 
termined Uw "optimum mobture content." 

7.3 Maroftumllensiiy.-yuu—The dry den­
dty in pounils per cubic foot (or kitograms per 
cubic metre) of tbe sample at "optimum mois­
ture oontent" shall be termed "maximum 
density." 

». Repad 

8.1 The report shdl nicluile the following. 

I Vd a f W W w p e r 

•C(T) Volunc of Wslcr, inl/g 

8.1.1 
D) 

8.1.2 
8.1.3 
8.1.4 

manual 
8.1.5 

used in 
MeUwd 

8.1.6 
8.1.7 

or dry). 

Method used (Method A . B. C. or 

Optimum mobture content. 
Maximum denshy. 
Ded:ription of rammer (whether 

or mechanical). 
Description of appearance of material 
test, based on Practice D2488 (Test 
D2487 may be used aa an ahernative). 
Origin of material used in test. 
Preparation procedure used (moist 

TAUUE 3 TABLE 4 a « P % a . l a a d 2 

Acsepiable 
o,, 11 I Ranae i d Two 
Ktaaoara a^S iu . B . . 

De*u - Resalta.Ei-

t o f 
McanValar< 

1.9 
9.) 

4 0 
D O 

dwoM mS.lic 

9.1 Criteria for judging the acceptability of 
the maximum density and optimum moisture 
content test resdts are given in Table 3. The 
slancfaud deviation, s,.b calculated from the 
equation: 

s'= - ' , S u - i ) ' 
a - I 1 

where: 
a ~ number of lielerminations. 
X — individnd value of each determination. 

and 
X — nunwiicd average of the deleiminatitms. 

lions. 
9.2 Criteria for assigning standard devia­

tion values for single-i^Krator predsion are 
, not available at Ihc present time. 

TABLE 1 Diy 

af tbe leua do aoi 
. A D 

of A c avcfape vabe. I D 
- d M l 9 5 « 

• • C f s ^ ict t icMUS uOQi s wr icty OI d u R i m t w i h m d i r e 
SMDfCCi to iBlUfC wvngoii. 

0.016 
0O26 
Vu 
•/» 
•/• 
'/. 
" I n 
'h 
' / I 
V. 
2 
2 ' / i 
4 
4V4 
4 ' / i 
4.SS4 
6 
6'/i 
8 

0.41 
0.66 
OSO 
1.6 
).2 
6.4 
8.7 
9 J 

12.7 
IS.9 
MM 
«3.S 

101.6 
toso 
114.) 
116.43 
IS2.4 
tss.t 
203.2 

h ' 

•/» 
0.004 
Vn.in 
0.0009 

ca> 

944 
I I 

2124 
2S 

p 
I 

co( 

ce( 

xs-
— ^ O / T l e r t a l i i l i U i i a a - i r a a 

J cUaw,WalvWOMa«a«<»aiaM 

D2487 

13(33.6) 
14 (37J) 
16 (SOS) 
18(644) 
»(6S0) 
npi£t 
24(7SJ9 
16(78.8) 
2S(C2.4) 
»(86.0) 
32(89.6) 

' VmMiOilurlhin d a n m a * 
» du WeadSea* o f CtUtmbtry 

IJOOOW 

1.00073 
l i lOlU 
1001)8 
lilOI77 
IO022I 
100268 
1.00320 
1.0037) 
I.00O) 
1.00497 

beoblaiaedbyfcienrias 
and Pliy^es. Ckenucal 

Oevelaad.Ohio. 

GW.GP,SW.SP 
GM.SM 
ML,CL.OL,CC.SC 
MH.CM.OH.PT 

HO mpmcnmii 
3 

18 
36 liaraaMi 4-4aaM.rta^ai/w-iDt 

N o n l-Thatoleianceoatheheiahti i |M»«inadbydiaal lowahlB»olaaaeaaddliaBemialt i 
N o n 2—The BMdwdi ihoan Cor anaduag the calcaaiqa coUai I D dw aaald aad Ih t weld lo i 

bci mcdiodi a n aceqptaMa, pnnidiag Iba attacfaaataa a a aqaaOy a rigid aa Ihoae ikavB. 
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# DsdMnallnn-D»43S-aO * " ' ~ " ' " " ' * ' " ' * " * ^ in.) less UianUwindde diameter of Uw sample Test 

mbe if saffloba are extruded and trimmed. deni 
mbe if sampba are extruded and trimmed. dem vriwn aoil saoistum change during piep-

5.2.2 Minimum Specimen Httght-Tbe mm- aniioado«nmasaeedOL2Sb.(Abighhnfflidily 
ifflum spedmen height shall be 13 mm (a5 ia ) moisnue room buaaaOy used far Uus paipnae.) 
butabaObenotbmdianlOtinwsUwmaxmmm 5.5 rinyiiwaiw Teats sbonid be iwr-
fartide diameier. fanned in an eaviroamaai wbde taaperatiue 

* * — ^ — d T — t MoltWWl fnr 3.2.3 MMmon spedmen Diameter-io- Ouctaations a n km than ± 4«C (7.2*F) and 
I ^ i r M n a e u e i n M A I C O M S O U D A T I O N P R O P E R T I E S O F ff*** *«*—The mnumum spedmen diam- Uwre b mn any dnecteomart wbb aadigbt. 
ONE-DQIENSIONALCONSOUUAiiwsur^ve'*^ «cr-ttHbdghtratiodaUlbeXS. 5.6 TMWMT,orcylbiMealeuner,Ibririaa-

S.2.4 lUlgUfQ^TlK rigidity of UKriagduU miag the maipk down la ibe tadde dbmeter 
kesuchUiat,underhydrastaticsirencooditions ofUwoonaobdonwlerimgwtlbammimumof 

pasit tat i I i£^* ' ' ' ' ' ' * ! !^ 'SL^r . t^^^ in Uw specimen, tbe change in diameter of Uw dianubaaoe. Tba cutler sbaH have a higUy 
».inthacdacria.iiidC*c3a»rfimw»ae>Aann^ Y^ ' - ^ «i]| Mt «,uMd OJH « of Uw diameter pdbbed nrtdw aad be oosied with a tow-
„.a.,<0iadtaataaaini n i iin.*eaihtitn»«i-wwtpi»ii~. mder «be gieatest bwd apjdiod. friction material 

dnstedbrnwofthemoMuadU 5.2.5 Tbe ring shall he nude of a mawrid 5.7 Admmcaendtivemai g o r m a i « a f 
iTnbnwtbodcmasapneedmelbrdetts- B«oou«lminaicMibeobtdnodliomldwaio.y a,rtbnoncornidve in rebtioa to Uw ami tested. Uwtotdmaaaoftbetoat 

• _, ...,_,jau|r rf J-JaiLi MBM. Tbe date bum dw conaohdaima tea Uw inner surfiwe dull be hi^Uy pdbbed or 5.8 Dky*^ Ovdi, Uut can be 
BMmag the rate ana a ^ l ^ w ^ m ^ ^ ,^fceiBrfiodevebipaneatimateofboUiU» tell be coated wiUi a hMr-biction material uniformly at 110 ± 5*C (230 ± 9*F). A foreed-
" ^ y ? ? " ? ' ' ' t ^ - ^ " " " " ^ „lB«BdlbeamoanlofbothdMfcrentidaad siboon greaae b recommended or pdytetra- drdi ovdi b ncmnmended. 
~ l f ! ! ? ? J S - r i t a i - i i « a n m i a « e t t b e mtd adUeaasm of a stmctere or a landBl BuoreeUiytaaw for nonaandy mib. 5.9 £xsei»* 

' ^ ^ I S n f S l ^ S L ^ f a BdbndmofUastypemeoftenofkeyunpm. 5J ftim»Statei-T»eiMo«»"o«.dull bdght of dw 
, a e ^ ^ m i i a j n B ^ ^ n H » * w » tawe in Itad adeclii« a fbundation type and baafdUBoacartmbLafamunumaddcormeld 0il025 mm (0:0001 

y in evabuting its adequacy. duibaotattadudbyUwadloraoilmobauc. 5.10 Mb 
r AMicaMsDsaMsMB IbagmdaofibestonmshaObefiiwenaiivblo spatidas, knives, wire sawsi' 

1_\ ASTMSMisdardg: 9w A a a m a l M prevcm iamsioa <if soil into Uw piaa of the thespednwn. 
n a X UataA t * VmSdibSan AaHim t t 5 , ^^,^l , , , fc^Asnitebbdevicefora^ dofse.lfnecemaiy.afiberpiV«*«««Vheuaed S.ll AroUurrOrnKmCiMmdan^shdlbein 

Sotf ^ „ ^ . iMevmtbalbwda to dw spedmen. Tbe da- topeevemmtrudonofUwamlmtoUwstanea. aooonianoe whh Method D 2216. 
D423TmtMdhadbrUpadUantofSeB8> S S l ^ ^ ^ ^ p ^ ^ J ^ l S s ^ s p K i i W Howevm. dw pemwdiiUty of dw ^ » « ^ . ~ i 
0424TmthidbodfarnmticUmtmainm- 2SrfarlongSD*oftimewitbanmxsira(y Bter paper, if nmd. must be ailHdenUy high *• 

tidtybahaorSmfa^ . _ . ^ 2 ^ ^ ^ c T S r a p p B o d toad out dmd* * prei«ni rettrdatimi of Uw dmmage of Uw 6.1 RdativdymdbhnbedmmpkadwoMbe 
D8S4 Ted Mdbod far Spedfic Onvity of ! L l r l - l « L , ^ t i Z L s toad uujeuuaS fedmen. Tbe tlonm duO be dean and liee of obldneri and umd b r omwdidation wti i* be-

- - « t r r r r - • « • • • • • " • . o^. , . : , : _ . ^ ^ a M k . chinL ami iiMMnrilmnitiaB^ r » M * H M tetmrnttî MlkAmmtn <if t k . ^ B M U . HiiniH. Sdi^ Z w J ' U k ^ r f l a . w i t h w i t d a m l f c a m b a - aada, dupa. and nonnniformitiea. came Uw memmgfobwm of Uw 
DI587 Method far Tbm-WdlBd Tube Sam- « ™ » « P ™ » S.3.nbedianK(mofUwiop8iooeduahe bbmveadywiUi • - — - • 

plBVOfSaitai' _ _ i ^ C^MttfamcMr^A devwe to boM tbi UtotUmmfOjOl toaoanL)lemUMnUwtof D1587 and Practice D3550 oover 1 
D22l6MdbodfarUbmaiaqrIMainindion ^ ^ ^ , , , ^ ; , , H M wbkii b eilber fixed »tha be inside diaaaeter of Uw ring, if a Itoatiag and appandna dut nuy be used to obtdn 1 

of Water (Mootme) Oontent of Soil Rock. T^^vfke t ina (aupomted by btelian oa pe- mg b need, tbe bmtom aone shdl have tbe bctmy sampks far testing. 

D35SO Pmcliee far IUnt4Jned Band Smn- 3^of* t lwSnwn.TbeuMisu l iduMcia t apeied stoma b recommended. wiUi Uw larger 7. fTpi rlwin Piipmalhm (Nola 2) 
pbqofSdta? A.n.iw.oewwdemea«fafsubnwi»ngt» JameterincomactwiUiUwaoil 7.1 Prepare Uw aample man cndiumnemm 

.<^M.^a~a Z I I j M . teaiiidvinaavenimltoad.aadCv 3.3.2 Tbe stone dncbness shall be aufBcieal acenrdance widi 5.4.1. Trim Ibe apdanwn to 
i l T lwmdh~ '"«P ' i " 'ba tandememof ^ j n a n t e U w ^ u « B m bdgbt of spedmen to prevcm bnakmg. Tbe lop stoae shaO be Uw indde diameier of Uw oonapBdonwIer, fore-
•V- - • 1 i - I I L i k . . . 4 ^<iaUw kMdad -r*^ . •• . - jMl. i . i iaMr ri— t h a i ! confhtm to t>e ' . .y ha «umned taalh and dually toaded The txwadMmnaar ring duD confann to tbe haded Uuough a conodon-rmbtant plate of ing h dnecUy mto dw ring during 

• J l T ^ M ^ T ^ M u m s i n m b ^ a p - fnSnrim reuuiretV-'^ (dfidem rigidity to prewent breakage of Uw TrimitfhHbwbbUwptaneMiifoDeorUwrii«. 
I l S S ^ r f i h n e a c m a p m e w a t e r p w a u r e s s T l M m w i *ee*a<n (Jldg) fltowcier- (one. For soft to medtam aoih. a wbe saw ibouU be 
pl^dBBtaldlef^ttemwempmewi^^ ' - H r J — ^ ^ n X u n e l S duB be SO 5.4. S>«n«e-Stonga of seded sampks used far trimmmg Uw u p md bmtem of Uw 

laf jiimnan _ „ ofjo ja.). u d i ^ be at leaat 5 inm (*̂  bouM be such thm no motsture b tost during specimen to omumiaeamnuiag. A suaigble^ge 
bmedaia ' __«Drage, that i^ no evidence of panul diying of widi a sharp cnltbig e^ge m^f be used Ibr Uw 
j d u t d e - •iitaaMhadbaadwm'MiauiM^^nMOv^ be cnda of dwsamplmOT shrinkage. Tune of And trim after the eaoaw aofl bm fint been 

dw dfactivc * * • " * * " tfl i S ^ uT* m u m ^ M T J r ^ ^ ^ •w^dtouMbemmnmBod.paniculaitywben nmpved wbhawneaaw. Fa r ( t i i r adh . a 
LLniinaaiaua ai 11 1 1 • ? *T Soil or aoi) mobune b expected to react sharpened straightadge abme nuy be used for 

llimi7?iiB|i 1 " " ' - ' — " ' ^ l i l L U . jL l J l . i -
«aaD>4»-7BL ' ji-qj-UTifTliiill r " " ' " " ^ ^ 5-4.1 S a m i ^ Preparat ion Envl romntm— >Uwal 

, n i l .Umual Bnrt i ^ 4 5 W A l ^ * * ' 
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tiiauning Uw top and bottom. If desired. Uw 
bdght nuy he made lem Uian Uw 
1 by paitid rxtiudtm and trimming, 

provided Ibe "«'™"''"« fprimm thi«*i,»»» n .̂ 
quneaaenia in i 2 2 and 5.13 are met. A sped­
men ring with the cutting edge sttaThed pro-
vidm Uw moat aocarate fd m mobi soib. 

Mimi iHiiî yiiipi,| mmdd be ««''—« to 
ddtubancc d dw toil or i 
dcosiy OHIIBB IDBI 
Vibntioo, Hirt.«̂ L.» f^ 

7.2 Famos aoib, such m peat, aid thorn aoib 
that are easfly tlamagrd hy trimiming, may be 
tiansfdied diiedly from the sampiiag tube Ip 
UK ring provided that the ring has Uw same 
dtauKSer M the sample tube. 

7.3 Specimens obldned usmg a ringlnwd 
sampler may he uaed witbom prim trimming, 
provided they comply with the requirements of 
Practice D 3550 and Uus method. 

7.4 Delennine the m a n of the spedmen in 
Uw consobdation ring. 

8.1 AsamlileUwcotiatilidoimierwiibacop-
per m hard sled dbfc of approximately Uw 
same bdght u thie teal specimen and I mm 
(0.04 in.) uaaOa ^asuetes Uian the rmg m 
place of Uw aample. Moiatea Uw parous Stones. 
If fiber papers are to be uaed (see 53), Uwy 
shouM be motitened and sufficient time for Uw 
moistiire to be apieemd from Uwm shouM be 
aOowed thning the calihratian process. 

8L2 Load and untoad Uw consdidomrttr as 
m Uw test and measure the deformation for 
each toad applied. 

8 J Ptot OT tabntete Uw oortcctiona to be 
applied to tbe ticfomution of the test specimen 
at each toad appttad. Note that tbe meld disk 
wfll tiefaem aba However, the correction due 
to Una defatnwtina wiU be ncgligiUe fm aU b u 
eatrcnidy aiiir anils. IT neoeaaary, the oompres-
sion of tbe metal disk can be computed aid 
applied to Uw oorreciioos. 

9. M n iddmi rontna. Wright. VoluMt. 
Grartqr. UfsU m 

Method D 2216 and the spedfK gravity with Te« 
Method D 854. Determine the initid «ret nia« 
of the spedmen by subtracting the mass of the 
mecimen ring from the combined mass of t|^ 

. spedmen ring and the specimen. Determine the 
initial vdume of the specimen from thediauKter 
and height of the specimen. The vdue of mob. 
tore content ikleimined fiom the trimmings a 
approximate bm permits determination of tl^ 
vdd ratio before the test b cimiplete. The mas 
accurate drieiininatitm cjf the iprrinwn dry mass 
and moisture cimtent b found by diying the 
entire spedmen at the end of the test Thb pro. 
ceduic shouM be used unlctt a portion of UK 
spenjmrn b needed for index tests (see 10.9). TIK 
ipedfic gravity can be otimaled where an accu­
rate void raiw b iwl needed. 

92 The fiquid limit, m determined in aoooid-
ance with Test MeUiod D423. UK plastic limit. 
m ddermined in acooidance with Test Method 
D 424. and the paitide siv ihsiribuiitm. fm sdh 
with substantial gramilar material m detti mined 
in aocmdanoe with Method D422. are usdid ia 
iilenlifying the soil aid in correlating the results 
of tests on tbllHem aoib. It b rBoommeniied that 
htimd and plastw limits be determined on the 
trimmings OT tm representative pnrlions ot the 
test spedmen if the sml exhibits significant bet-

9.1 Uw the mateiid trimmed adjacent to the 
I (aee Section 7) to determine the nat-

ctmtent in acoordanoe with 

la 
10.1 The objective of Ibe preparation of the 

stonm and other apparatus pnm to thdr con­
tact with the specimen b to picvcm cfaange ia 
moisture contem of the specimen Thus, very 
dry. highly expansive aoib should be placed on 
dry stonm bm inost partially Mturated soib 
may be placed on attmes that have simply been 
dampeneiL If the specimen b saturated and b 
believed nm to exhibit a high affinity tor water, 
the poroua atones should be boiled after clean­
ing vrith a ntmabradve brush and kepi mtn-
rated until the time of thdr contact with the 

Asaemhto the ring, tperinKu aid 
. With the oonsolidameter astem-
Uw sperimrn. ring, filter paper 

(when used), and porous stones tvith a loose-
fitting plastic OT rubber membrane to prevem 
changje in specimen volume due to evaporation. 
Thb step may be tmihted if the specimen b to 
be inuidated after the fiist load iiwretiwnl b 
applied as provided in 10.8. 

10.2 Place the consolittometer in the loading 
device and apply a seating pressure of 5 kPa 
(100 Ibf/ll'). Widun 5 min after application of 
dw seating loatl atljust the extensomcter did 
gage fm the initid OT aero reading. (For very 
toft soib a sealing pressure of 2 OT 3 kPa (about 
JO Ib/R*) OT less b desirabk.) 

10.3 Plaoe toads <» the oonaolidomeier to 
obtain pressum on the soil «>f approximatdy 
i, 10. 20. 40. 8a etc.. kPa (100. 200, 400, 800, 
IfiOO, etc, Ibf/ft*). with each preasure main­
tained constant u required in 10.4. (Smaller 
increments nuy be liedrabfe on very toft spec­
imens OT when it b desiraMe to determine Ibe 
preoonadidaiion piesaure with moic predsian.) 
Lif^wg of the ipccinini dwuld continue into 
the virgin oompresdon region so that the slope 
and shape oflbe virgin compreasion curve nuy 
be awnand TypicaOy, a find preasure that b 
equd to OT greater tlum lour tinwa the preooo-
iiAidalfim preasure of the sampfe b required 
for thb assessment. In tbe case of overoemaoH-
dated days m particular, it may be deainfale to 
oae an untoadmg-rrtoadingcycte to better eval-
uate wcompreiiton parameters, but sucfa a pro­
cedure b optitmal 

10.4 FOT at least two load increments (in­
cluding at least oiw load increment after tbe 
preoontoladation preasure has been exceeded), 
tecord the bdght or change in bdght of the 
tpfiTi">«« before each preasure increment b 
applied and at tinw intervab of appraximalely 
0.1.0.25. OS. I. 2.4. 8. 15. and 30 min. I. 2.4. 
I. etc. h, measured fiom the tinw of each 
inocnwntd preasure application. These time-
rate reaiiings need be obtdned only fm mtu­
rated yrrinf** Rcadiagt shoidd continue at 
least untU the slope of the chanctttistic linear 
secondary cumpressinn portion oflbe Ihicfcneas 
versus tog of tunc pfat b apparent (see I I.I), 
unless the method 11.6 b used, in which case 
the next loading may proceed as sotw as 100 
% consolidation b completed. (For soib that 
have slow primary oonaolidation, pressures 
shouU be appbed for at least 24 h. In extreme 
caaea, OT where aeenodary compression mud be 
evahiated. Uwy (bouU be appbed much 
longer.) Then apply the next pressure incre­
ment. FOT pressure increnwnls where time ver­
sus ttoformation ttote are nm lequired. the load 
shimld be left on tbe sampfe (a* cssemiaOy the 
same lenglb of time as tvben tinw versus ilcfOT-

nution readings are tidwn. Sufficient readings 
shouki be taken near the end of the pressure 
incicaaent period to allow Cor any nnided ex-
trapototion of Ibe tinw-defamution curve. 

lOJ If tUcknem versa square rod of time 
plots are to he made, the time intervab may be 
â lĵ iftMi IO tbnae Uut have eadly obtained 
square tools. Car eiampfeb 0.09. 0.25. 0.49. 1 
min, 4 min. 9 min. eic. 

10.6 Itebowid—Where rebound OT nntoad-
ing duracteristics a n desired, uaload soil by 
pressure decrementt in revene order. HovFever, 
if dedred. eadi saocessive load can be only one 
fourth M large u the peaceding toad. Record 
at time intervab M snggfsted in 10.4. Note, 
however, that fm most soib the rebound win 
be complete m lev time than would he required 
fOT an increment of kwd tluring prinuiy oon-
solidatimi, bm snIBdem readbigs should be 
taken to verily that rebound b essentially omn-
plete. 

10.7 An ahctnativc loading, nntoadmg, OT 
reloading adwdnle nuy he employed that re-
producm Ibe oonsiinction siren changm, OT 
oblaim belter defmittoH of some part of the 
stress-ddOTnution curve. OT aids iaialer|mting 
Uw fidd behaviOT oT Uw ami Thb sbonid be 
deariy inilicated on the teal reanha. 

10.8 If tbe test b perioimed on 
turbed sampfe that was dtb 
ficU conditions OT obtained fiom betow Uw 
water ubie. it sboiUd be mandated after Uw 
fint load incremam b appbed. As inundation 
and specimen welting oecm. tbe toad shtmld be 
increased if requireil, to prevcm the spedmea 
from swdbng. unktt it tends to sweO under UK 
estimated in situ vcnied stress. If UW spedmea 
compresses after mundation. simply record the 
amount of oomprmsiaa. Spmimrns also may 
be inundated m prmsiuca that simulate fowre 
inundatinn unifer Iwld cnndiliwis In such 
caaes. the pR((ure m mundatinn and any re­
sulting dfecla. atwb M eipandoii w nwieaaed 
oompresdon. should be noted m Ute teat resuhs. 

10.9 To mmimire swell during disataemMy. 
the spedmen ahrndd be rebounded bad! to a 
very smaO atrem and dbmantbid qaicfcly aftd 
rdnsmgUwfind toad on Uw spednwn. Re­
move the spwiman and tbe ring from Uw con-
solidaaaeier and aripe the ftee water bom Uw 
ring and specimen Remove the spot iiiwn fiom 
Uw ring and determine ba mass, oven diy it. 
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and ictaeigh it to ohldn the dry mam of tdids 
and Uw final water oontenL I f Uw original soil 
sampfe b very hderageneous, any index lesu 
sbonid be perfoinied on a portion of the test 
(perinwn u d ibe remainder can be used fm a 
find water eoateul itwaiureawm. Foroussiaiws 
shtmU be boihd cfean after Uw test m prevent 
day fioin diying <m them and redudng thdr 
permeability. 

1 I.I From those nwreinents of toed where 
time-rate readmgs are obtained, ptot the defm-
matinn readmgs versus tbe tog of lime Cm min­
utes) fOT each bwicnwm of hiad OT pressure m 
the test progresses, ami fw any mcremenu of 
rebound wbnc time versus tleformalion i lau 

I U Find Ihe deformation reprcaenling 
100 4 psimaiy ronsdidatitm Car eadi toad 
incieinaat Fiist diaw a atrdght fine through 
Uw pomis leprcaeating tbe f ind readings and 
that eshihb a straighl hue trend and a flat 
slope. Dnw a seodad straighl fine tangeu to 
the iiacpeit part of the ikfomution-tog tinw 
carvn The inteiseukm represents tbe defor-
autina coneqwading to 100 % primary cnn-
snbdation, Conea Uw deformation at 100 % 
cinnwiidation in accordance with the resuhs of 
tbe cebbniion (see Seotion 8). Compression 
Uut tMcuia subaeqiwM to 100 % prinuiy oon­
aolidation b tfefined as aeeandaiy compiesaian. 

I I J Fmd theddomwtion rrpif.wnting0% 
prisaary oomolidatiou 1^ srlwling tbe defm-
maiicas at any 2 tinws Uut have a ratio of I to 
4. The deforadtina concapimding to the larger 
cf the two tinwa abould be greater than M but 
hmtban t( of the to id chaste in ddormatton 
for the toed incrensenL tbe deformatitm OOT-
raspondiiig to 0 %• prinuuy comobdaiion b 
aqbd u Ibe deforinatioa corresponding u the 
smaller time intetvd lew the difference in the 
defarmations lor tbe two aefeoud times. 

11.4 The tteforautioB ooire^ianding to 50 
% primary oooaobdaiiim for each toad incre-
aaem b equd to Ibe avdage of the unoorreiaed 
dsfarmatieas cxinesponding to Uw 0 and 100 
% dafbramtiau. Tbe time required fm 50 % 
cmtsdMalian under any toad increment may 
ha bond graphically from Uw ddormation-log 
tiaw cuvii far Uui toad increment by observing 
dw tinw that conesponds to 50 % of the primary 

I of the curve. 

11.5 FOT each load increment fw v t \ ^ 
time-rate readings were obtained, compute the 
coefficient of consoMation. r „ as follows: 

0051/' 
c. 

H •• Mmpk height in metres (feet) fOT a doQ. 
My drained mmpic at SO % consolidt. 

/M •• time fOT 50 %ooiisolidation in years, and 
c, •* coefficient of consoUdatitm in mVycar 

(ftVyear). 
i f I f b in minimeirm and t in seconds or 
minmm, e, will be expressed in mmVt oi 
nun'/aiin. respectively, and convctdon fo inaR 
eonvenient iiniia b desirable. 

11.6 An alternative procedure requiring « 
pfal of tfefomuiiim venus the square raoi at 
time in minutes nuy be used to detenniiw tin 
pointtofOand 100 <b oonsdidation aa weU • 
the ccidncient of oponOlidatian for each toad 
incremenL The mhial pah of the cuive b ap-
praxinuted by a straight line. The line b ex­
trapolated basfc to t •• 0. The conespimding 
deformation ordinate lepicsentt 0 % primary 
ooaaolidalinn. A aecOnd straighl fine b drawa 
through thb poim ao that the abadssa of tha 
line b 1.15 times the abadsm o f lbe straight 
liiw approxinution of the mitial part of the 
curve. The intersection of the new line with the 
ddormatioo-tquare roM of time curve corre­
sponds to 90 % primary consdidation. The 
deformation at 100 % primary oonsolidatitw is 
% more than the diffemice in deformaiiom 
between 0 and 90 % oonaolidatioo. Similarly, 
Uw deformaiibn al 30 % consoHtlation b H of 
the tliflcrenoe between Uiat al 0 and 90 %. Tbe 
coefficient of oonaobdation can be found from 
the time of 90 % consolidation by the formula: 

0.2m' 

H " sampfe height fw a doubly drained sam­
pfe at 90 % consdidation, m (OT ft), 

/ao — tinw fw 90 % oimsdiifeiiott, yean, and 
e, " coefficient of conrolidation, mVyear 

(ftVyear). 
I f ff b in millimetrM aad 1 in seconds or 
minutes, the units of c, will be mm'/s or 
mmVmin. respectively, and convetsiim to mbie 
oonveaieni unit* b dedreble. The square root 

J lime method may abo be used to obtain a 
ftlue of igo. i f dedred. 

11.7 Compute init id void ratio, water oon-
Knt, unit weight, and degree of saturation, 
ttsed on the dry wdght of tbe totd spednwn. 
Spedmen vdume b computed fnmi measure-
B ^ u of the mntainrr ring bdght and tliatne-
KT. Volume of solids b ccwiputed by dividing 
AC dry weight of spedmen by the specific 
Mvity of the solids tinws the umt weight of 
aster. Vdume of voitb b astunwd to be the 
Terence between tbe specimen volume and 
ibe vohime of the soHds. 

11.8 Compute void ratio corresponding to 
too % primary consdidation (using corrected 
deformation readings) fw each toad. As an 
ibernative. compute percent compression at 
100% primary conaolidatitm fOT each load from 
Ibe inhid sampfe bdght. As a second aheraa-
live. compute void ratios (OT values of percent 
compression) using tbe ddormation values ob-
uined after a selected time intervd that shall 
bdudc some portion of secondary compres-
lion. and such time intervd shall be the same 
far each load increment. However, if the "equi­
librium'' value chosen b other than Uw 100 % 
prinury consolidation point, a note to thb ef­
fect should be induded with Uw test resuhs. It 
dwuhl be noted that tbe lecoid ahernative 
died above will resub in WMWwhal lower val-
scs of Ihe preconsolidatian pressure than are 
obtdned when the 100 % ptiniaiy consolidation 
points are used. 

12. Report 
12.1 The report shaU indude the foUowing 

information: 
12.1.1 Identifkation and description of the 

lest sample, induding whether soil b undis^ 
Inrbed. remolded, compacted, OT otherwise pre­
pared. 

12.1.2 Init id and fmd tnoisituc content. 
12.1.3 Dry mats and initial and find wel 

unit weight. 
12.1.4 Init id penxntage saturation. 
IZ1.5 SpedfK gravity of soUds or Atterberg 

Limh gradation date i f obteined. 
12.1.6 SpedBKO dinuMwitws. 
12.1.7 Condition of test ( luturd moisture or 

inundated, pressure at inundation), 
12.1.8 Preparation procedure used relative 

to trimming: stale whether specimen was 

trimmed, extruded tUrcctly imo the ring, or 
tested directly in a ring from a ring-lined sam-
pter, 

12.1.9 Ptot of tog.of tinw or square root of 
liine venus tfeformatiim, fm thosie load iiwre-
mcnu where lime-rate readmgs arere taken; FOT 
organic OT UgUy nticaceous aMb, OT otber soib 
wiU) appredahb secpndaiy compwadpn, it b 
highly desirabfe thm log of tune plots extending 
into tbe sccoiidaiy itwiiprrHinn region be in­
duded. 

12.1.10 Ptot of void ratio vcrsm tog of pres­
sure curve OT fKroem ctmipresdon vdsns tog of 
pressure ciuve. 

12.1.11 In casm wbde time rate of coosoU-
datitm reattin^ have been taken fOT several 
load increments, a ptoi d'ooefliciem of consol­
idation versus log of avoage pressure- As an 
dternaiive.a plot of tog of coefficient of con-
solidatton versus tog of average picmure curve 
may be used. The method used for oooaputing 
r. should be noted, i f time-rate readings were 
obtdned for only two toad incrnwots. dmply 
ububte the vafaws of e, versus the average 
pressure fm the inocment, 

12.1.12 All departora fram Uw procedure 
ouUnwd. induding spedd toading sequenoes 
FOT example, it may he desurabfe to mundau 
and load tbe spedmen predady in aocordanoe 
with Uw wettiiig OT toading pdtera expected in 
the fwM m o idd to beat simulate Uw respowe. 
Smaller than stondard kdd iacrenwm ratios 
may be desirabte fm soib Uut are highly sen-
dtivcOT whose respooSeb highly depenifcitt on 
strain rate. 

13. Prcdsina and Accamey 

13.1 Section 5 of Uus method specifics Uw 
sendtivity of Uw toad and ddormaiioo mea-
turenwttis. Tbe corresponding Sfccuiacy of the 
applied stress and resUbam atrain in the speci­
men din be oomiMted from the specnnen di­
mensions. Tbe accuracy with which Uw test 
results can be applied to Uw fieU vatim fibm 
case to case and depends on: 

13.1.1 TbequaUlyofsampfesused. 
13.1.2 The numbd of sainpfes tested. 
13.1J Tbe verticd and horiamtd dbtribu-

tion of the samptes tested, and 
13.1.4 The beieragencHy of Uw soil pnifife 

inthef icU. 
13.2 A aaristiml analysb Uut indudes boib 
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die sampling progiam and the laboratoiy test 
results tt required lo assess, m any mcaningflil 
way, tbe accuracy with whidi tbe ted recite 
apply to the field. In tbe absendi of socb an 
analysis, most enguwers aasem the applicability 
of tbe test lesnlis to tbe fidd qualitatively by 

looking at ibe vaiiatioa in tbe led resahs «^ 
the variations in tbe bofiag fogk i n g e a n a i i 
can be nbted Ibat tbe aoduacy of sciticn^ 
predictions based on consolidation tests ^ 
crease (on a percentage basis) with tbe 0%, 
pRssibility of the aoil 

The Amirkmt SadUtfftr T a u ^ aad 
Maaenlea nAk M / t a a atadaaarf ia n n J 
ifmrifaitkfmaarifjUs,mttdmetiktfhi^ 

' ry 11" g Om 
vamrfudssuardardmairpntttfaiadrtii 

aftatk njpUs, AC orSv/y iSeO' 

jaMtcr (* fvnUaa or amp <t<w Sv air 
- iiaSdaiin Yam 
loASTMHaaAfmim. Ti 

to dm ASTM Commdmami TliwiiiiA /9I< Jiaca &, 
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smb itom a mariiw environment The liquid 
hmit of these soib sbouU therefore be deter­
mined by Uw multipoint procedure (nocedure 
A). 

1.6 Tbe liquid and plastic limits of many soUs 
that have been allownd to dry befiue testing may 
be considerably tbfldcat fiom vdues obtained 
on undiied samples. If tbe fiquid and plastic 
limits of sops are used to condate or estimate 
the engineering behavior of soib in thdr natural 
moist state, sampfes sbnuki not be permitted to 
dry before leding unkm tfada M dried sampfes 
are spedfically desired. 

1.7 The ciwipositiim and concentratitm of 
sohibfe sabs in a soil aCEect Uw vahws of Uw 
hquid and pbutic limitt as well m the water 
content vdues of soib (see MeUmd 02216). 
Spedd oonsideratioo should Iherefore be given 
to soib fiom a mariiw envinmmem or other 
souroa where high solubfe sah oonoentratioas 
may be present The degree to urbich the sabs 
present in these soib are diluted OT oonoentiaied 
must be^ven ouiitidnaiion if meaningfol results 
are to be obtdned. 

1.8 Since the testt described herein are per­
formed only on that poitioa of a soil which passm 
Uw 42S-|im (NOL 40) s ine , dw lelMivc oonlri-
butioa of Uas portioe of tbe std to tbe prapettia 
of dw saaipfe aa a whole auot be consideeBd 
whea using these tests teevabiaie tbe iwinuiias 
ofa soil 

1.9 The vahws stated ra aratptaNr metric 
units are to be leganled as tbe staadanL Tbe 
vahwa given ra parentbesm are far infarmalion 
only. 

1.10 This standard amy ineahe hazardous 
materials, operations, and equipment. This 
standard does tun ptapaet to address all ef ike 
safayproUems imtrJaltH with ds use. It is ike 
lespomdtility cf vduteter uses Uus standard to 
consult and establish appropriate u ^ n y and 
health practices latd determine the applicability 
qfregidatary limitiaians prior lo use. 

2.1 J ^ T M Standards: 
C 702 Mdbods far Reducing FwU Sampfes of 

Aggregate to Toting Siae* 

D420 •P-111""'—'I** nadioe far InvcatigBt-
ing and S a i i t o g SBH and Rock far Eagi-

04318 

D653 Terms and Symbob Relating to Sei 
and Rock* 

D 1241 Spedficalion fm Maieriab for Soil 
Aggregate Subbase, Base, and Surfaci 
CouneS* 

D 2216 Method fw Laboratory Determinatita 
of Water (Moisture) Contem of Soil Rati, 
and Soil-Aggregate Mixtures* 

D2240 Test Method fior Rubber Property-
Durometer Hardness* 

D 2487 Test Method fm Clasdfication ofSoik 
fm Engineering Purposes' 

D2488 nactioe for Description and klentiS. 
catitm of Soib (Visud-Manud Prooeduref 

D 3282 Practice for Oasdfication of Soib (d 
Soil-Aggregate Mixtum fw Highway Cbs 
tttuctitm Purposes* 

E 11 Spedfication for Wire-CloUi Swves far 
Testing Fmpose^ 

E 319 MeUwds of Testing Singfe-Arm Bil 

E 898 Method of Testing Top-Loading. U 
rect-Rcaiting Laboratory Scafes and Bd 
ancc^ 

3. 
3.1 iMerAny/imtti—-originally, seven "Umis 

of consistency'' of fine-grained soib were defiad 
by AOwn Atterberg. In current engineering usap; 
the term usually re&n only to the liquid linoL 
plastic bmit, and in some references, the sfaiid-
ageUmit 

3.2 condsimc)*—the relative ease with wbd 
a soil can be defivmed. 

3.3 liquid limit (UJ—the water content. * 
percent, of a soil at the aibitcsrily defined bouotf 
ary between the fiquid and pldtic states. Tbi 
water oontent b defined as Uw water coateots 
whicb a pat of soil placed in a standaid cup sd 
cut by a groove of standard dimensions wfll flu* 
together d the bme of tbe groove b r a didafltf 
a t 13 mm IVt m.) when subiected to 25 sbodi 
fiom the cup bdng ttrapped lOmminasiandid 
bquid Bmit appanrtiis operated at a rate of' 
flnOCkS PBf SBOOQQB 

*Ami^Bad[afASTIdSuiukudi,VdtOtat . 
* Amatol Baak of ASn/amidm*.Vcla0tttt.0tJO.^ 

NOTE 2—TheundiaiiieddwBfmcaghoftoilattbe 
tobe2±0.2kl>h(0J8pd). 

3.4 plastic limit (PL)—the sealer oontent. in 
peicent. of a soil m the boundary bettaeen the 
plastic and brillfe states. The water content at 
Uib boundary b the water content at which a soil 
can no tonger be ddbrmed by rolling into 3.2 
mm ('A in.) in diameter threads withiwt cnim-
Ming. 

3.5 plasiic soil—a soil twhich has a range of 
water content over which it exhibits plastidty 
and which vrill reidn its shape on drying. 

3.6 plasticity index (PI}—the range of water 
contem i>ver which a soil behaves plastically. 
Numericdly. it b the (fiflercnoe between Uw liq­
uid limit a id the plastic bmit 

3.7 liquidity index—the ratio, expressed u a 
percentage, of (/) the nalurd water contem of a 
soil minus its plastic limit, to {2) its plasticity 
index. 

3.8 nc»Vii>' number (A)—the ratio of (/) the 
plaatidly index tif a sml to (2) the percent by 
weight rf partides having an equivafem diameter 

r Uun 0.002 m m 

*/taBMl SMI qr^snr itaadndi, Val Mia. 
*Amamiaoi*4^Asnrsaia^^ yatottn. 
'AmimiBadt tfASTIdStamhiA, Val I402. 

of Method 
4.1 The sampfe b processed to remove any 

mateiid reldned iw a 425iim (Na 40) sieve. 
The liquid bnui b determined by performing 
tiiab in tdiich a portitm oflbe sample b spread 
in a brass cup, tbvitfed in two by a grooving tool 
and then allowed u flow together fimn the 
shocks caused by repeatedly dropping the cup m 
a standard mechanical tievioe. The multipciim 
liquid linut, Prooetlures A and B. reipiires three 
w more triab t>ver a range irf" water cimtents to 
be performed and Uw daui from dw Iriab pfaued 
w cateulated to make a rrlationShip from twhich 
the Uquid bmit b determineiL Tbe mwiioinl 
liquid Umil. PTOcedum C and D, usm Uw tista 
fiom two Iriab al one water contem multiplied 
by a oonection fueun to determine the liquid 
bmit 

4.2 Tbe pbstic Umil b tielermiiwd by aher-
nateiy piesdng Iqgether and mlUng into a 3.2 
mm (tfc in.) diameter thread a snwU portion of 
plastic sod until its water oontent b reduced to a 
Pmnt at which the thread crambfes and b no 
longer abfe to be peesaed together and reroOed. 
The water onntem of the soil at thb stage b 
reported m Uw plasiic Umil. 
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4.3 The plasticity index b cabnhtod as Uw 
difference between the Uquid Umh and Uw pfaMic 
Umit 

5. lUa 
5.1 Thb test method b used m an mtepd part 

of several engineering daidfirrtitm systenu to 
characteriae the finognined fiactionsof soib(8ee 
Tesi MeUiod D24S7 and Practice D3282) and 
to sped^ UW fine^ained fiadioa of oonsmw-
tion matfriah (see Sperifinrtion D1241). The 
bquid bmit plutic bmit, and plasliciiy index of 
soib are also used extensively, dther individually 
OT together with other soil prapcstin fo ooirelatt 
vrith engineeiing behaviOT suiii as oompresabil-
ity. permeabiUty. oompaclftili^, sfarink-swdl. 
and shear strength. 

5.2 The liipiid and plastic limits <if a sdl csn 
be used with the natural water content of the soil 
to exprem its rebttive mndsiriicy OT Uquidity 
iiMtea and can be iwed with Ibe prrnmtagr finer 
than 2iun dae to determine its activity nmaber. 

5.3 The one i» im bquid bniit procedure b 
liequenUy used for routine rbwdfifaiion pw-
pmes. When greater pndsmn b nqimeil m 
when used lor tbe acceptance of a maierid w for 
oondation with other test data, the mubipdnt 
procedure should be used. 

5.4 These nwthods are sonwtinws used to 
evaluate the weatbciing cbamdcristim of day-
dufe maleiiafaL Wbea snbiecieii to repealed wet-
tiag and drying cydes, dw fiquid fonitt of UwK 
maieriab tend to increase. The ammmt of in-
creare b wuisideied to be a measure of a sbsfe's 
susceptibility to weathering. 

5.5 The liquid limit of a soil oontainiag sdi-
siantid amounts of oigamcnulterdecRasa dra­
matically when tbe soil b oven-dried before test­
ing. (Comparison of tbe bquid bmit of a ssmpfe 
before and after ovca-dbying can Ibevefare be 
used m a quafitativc I 
contem of a soil. 

^ l Liquid Limit Device—A 
vice consisting of a bram cap sMpendsd Aom a 
carriage designed to oontrd its drop onto a hard 
robber base. A drawing dwwmg dw csaentid 
features of tbe devioe and tbe criticd dimenaons 
b given mF%. I. TbedesignofdiedevHemay 
vary provided that tbe I 
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preserved. The device may be operated dther by. 
a haid crank w by an dectric moiOT. 

6.1.1 Base—The base shall be hard rubber 
having a D Durometer hardness of 80 to 90. and 
a redlience such that an gnnm (Vi*-in.) diameter 
pdbbed sied bafi. when dropped fiom a height 
of 25 cm (9.84 in.) wifl have an average rebound 
of at feast 80 % bm no more Uun 90 %. The teste 
shall be conducted on tbe finisfaed base with feel 
attached. 

6.1.2 F«r—Tbe haw shdl be supported by 
rubber feet designed to provide isolation of the 
base fiom the woik surfiwe and having an A 
Durometer hardness tw greater than 60 m mea­
sured <m the finished feet attached to the base. 

6.1.3 CUP—The cup shall be brass and have a 
wdght induding ciq> hanger, of 185 to 215 g. 

6.1.4 Com—The cam shall raise the cup 
smoothly and continuously to its nuximum 
height over a tfistance of at least 180* of cam 
rotation. Tbe pwfciied cam motion b a uni­
formly aocelenled UA curve. The design of the 
cam and follower comhinatitm shall be such that 
there b no upward OTdoamward vdodty of tbe 
cup tdien the cam follower kavm the cam. 

NOTE 3—Tbe cam and faOoanr ddign in Fts. I it 
Cor tmifonnly diflciaiBj (paidada) motion after con­
tact and amuet dw UK cup hn no vdocity at drop 
olT Other cam deagm aho pnmde dm fcauuc aad 
may tae toed. Hncver. if Ike cam-Codawer lift patten 
it not knoam. lero vctodty at dropoff can be asaued 
by caidUly Bling « nucbtntag dK cam and IbUbaier 
B diat the cup bdght temams oomawt over the lan 20 
m4S*orci 

6.1.5 Corrmgip—The cup carnage shdl be 
constructed in a way that allows convenient but 
secure adiustnwni of the hdghi of drop of the 
cup to 10 mm (0.394 in.). The cup hanger shall 
be attached to the carriage by means of a pin 
which allows removd of Uw cup and cup baflfler 
for cfeamng and in^wctim. 

6.1.6 Optional Motor Drive—Aa an aherna­
tive to the hand crank shown in Fig. 1. the devioe 
may be equippisd with a molOT to tura the cam. 
Such a.ntoiOT mud turn the cam at 2 ±0.1 
revdutions per seceind. ard must be isolated 
from the rest of the devioe by rubber mimnts OT 
in sooK other way tliat prevents vibration from 
tbe moiOT bdng tianstnitted to the rest of the 
apparatus, ta nnat be equipped wbh an OMOFF 
switch aid a inians of oonvenienlly pwutitiniiig 
the cam tat bcigtat of tbop atyurtments. Tbe 
resuhs obldned udng a molOT-driven device 

must not differ from those obtained tidng i 
manually operated device. 

6.2 Flat Grooving Tool—A grooving tool hav 
ing dimendors shown in Fig. 2. The tod shall 
be made of plasiic OT noncorrading metel. TIK 
dedgn of the tool may vary as long as the essential 
dimendons are nuintained. The. tod may, but 
need not incorporate the gage for adjusting the 
bright of drop of the Hquid hmit device. 

6.3 Gage—A meld gage block fat adjusting 
the height of drop of the cup, having tbe dimen­
sions shown in Fig. 3. The (fesign of the tod may 
vary provided tbe gage will rest securely on tlu 
base wiihom bdng siisceptibfe to rocking, aad 
tbe edge which contacu the cup during adjwt-
menl b straight, at least 10 mm (H in.) wide, and 
without bevd or radius. 

6.4 Comdnerr—Small corrosion-redstani 
containen with mug^itting lids (OT water content 
specimens. Alummum OT sidnless sted cam 2.S 
cm (I in.) high by 5 cm (2 in.) in diameter a t 

6.5 &ifoiin>—A balance readabfe to at baa 
0.01 g and having an accuracy of 0.03 g tdUun 
three standard deviatitms ivithin the range of uw. 
Within any 15-g range, a difTerenoe between read­
ings shall be accurate within 0.01 g (Notes 4 and 
5). 

NOTE 4—See Mediods E 898 and E 319 ibr an ei-
ptanation of tcnm idaung u> balance petfarniance. 

NOTE i—For betpwit use, a lop-toading type Id 
anoe with amomatic load indication, readable ta 0.01 
I, and haviag an iniei ofprecitioa (tiandud devialioo) 
d 0.003 or belter it moa uiitabie for thit method 
However, nomuhwialic indirattna eqtul-ann anahrtt-
cal balances and tome undlential arm top pan balaiicg 
having icaitabilities and tendtivnki of 0.002 B or bewr 
provide the reiiimed accuncy wiien toad with a viad* 
wt of ASTM Clait 4 (Natiood Btiicaa of Suuatiidi 
Clati P) or belier. CMinary oomnwrcial aiMl daaraoa 
type taabnoet toeta at beam batanoei are not tnilitk 
for thit inethod. 

6.6 Storage Container—A contdner in tdiicb 
to aore the prepared sdl spedmen that will not 
contaminate the specimen in any way, and tdncb 
prevents moisture loss. A porcddn, glass, or 
pbstic dish about 11.4 cm (AVi in.) in diameier 
and a plaaic bag large enough lo endose the did) 
and be folded over b adequate. 

6.7 Ground Glass Plate—A tfwutAi)gasttatt 
at least 30 cm (12 in.) square by I cm (H in.) 
thick Car mixing sdl and rolling plastic limii 
threads. 

6.8 Spatula—A spatuhi OT pi" knife having * 
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Idade about 2 cm ()k in.) wide by about 10 cm 
(4 in.) tong. In addition, a spatula having a Uade 
about 2.5 cm (I in.) wide and 15 cm (6 in.) tong 
h« been found uaefol Cor initid mixing of aun-
ples. 

6.9 Sieve^A 20.3 cm (8 in.) dumeter. 425-
pm (No. 40) sieve conforming to Uw require­
ments of Spedfication E II and having a rim at 
least 5 cm (2 in.) above the mesh. A 2-mm (No. 
lO) sieve meeting the same requirementt nuy 
dsobeneeded. 

6.10 Wash Boole, at similar container for 
vUing controlled anwuntt of water to sdl and 
washing finm from coane partides. 

6.11 Oryiitf Own—A tbennostaticdly oon-
UoUed oven, preferably of Uw foioedHtaaft type, 
capabfe of ciwtinuously maintaining a tempera­
ture of 110 ±5'C Uuoughout tbe diying dumiber. 
The oven shall be equipped with a thermometer 
d suitabfe range and accuracy for monitoring 
oven temperature. 

6.12 Washing Pan—A round, flm-bottomed 
pan at feast 7.6 cm (3 in.) deep. lUghUy huger at 
dw bottimi Uian a 20.3<m (8-in.) diameter deve. 

6.13 Rod (optiond)—A mod OT plaaic rod 
OT tube 3.2 mm (tt m.) in diameier and about 10 
cm (4 in.) long fw judgins the die of plastic Unut 
ducads. 

8.3 Where date firom Uus lest nwUud are to 
be used for condation with other laboratory OT 
fidd test data, use the aune materid m used for 
Uwre tests where possfofe. 

8.4 Obidn a repreaeniative postioa fiom Ihe 
told sampfe suflfeiem to provide 150 to 200 g of 
materid padmg Uw 42Siun (Na 40) aeve. Ftee 
nowing sampfes may be rahwed by Uw mcUwds 
of quartering OT spfitting. Cataedve samptes dull 
be mixed thoroughly in a pan with a spatula. OT 
scoop and a repceaentative pmtion tpooped fiom 
the told mass.by making due OT more inupi 
with a scoop thnmgb Uw nuadd mass. 

7.1 A supply of dbtilted OT deminfralind wa-

8.1 Sampfes may be taken from any location 
that «fltt«it— testing needs. Hi 
C702. and Pmcdm D75. 
Practice D 420 sboaU be used « gaidm fiv so-

9. Csfibedfeaof 
9.1 Infection af Wear: 
9.1.1 Uquid Umit Orrice—Delennine thst 

Uw liquid Umit devioe b dean anid in good wHfc-
ing order. The foOowing specific poinu ihould 
hechecfced: 

9.1.1.1 IFenrt^Aosr—ThespMonUwbaw 
where Ihe cup makm contad (houM be amn no 
peeler than 10 mm (H m.) in diameter. If Ihe 
wear sptii b greater Uun this, Uw bare can be 
macfaitwd to remove the woro spd psuvabd the 
resurfiwingdom nm make the bate thinner than 
verified m 6.1 and Uw oUwr dunensiond icfe-
tiunshipsare mdmsitwd. 

9.1.1.2 Wear t f Cup—The cup mud be re-
ptooed when the groovmg ttwl has worn a de­
pression in Uw cup a i mm (OJXM in.) deep m 
when Uw ed|ge of Uw cup bm been reduced to 
half itt orignul thicfcnem Veri^ dwt dw cup b 

9.1.1.3 HVart^Ckvlfangcf-Vcriiydtttlbe 
cup 
toan 

he peepand udng dw wA 1 
lQ.l.Buatbebepidd 
PriOTtoprepaiatiaa. 

8J Where sampfiag operatioas have pre-
•erved dw aatiud dratificatioo of a ssmple. Uw 
various suatt must be kept separated at 
peifanned on Uw particular stratum of 
with m Utde oontanilnalian m poasiU 
Qdwr strata. Where a mixture of maieriab wM 
be iMT̂  ni uBiiUuction, iiaiibinr the vanous 
eiMiHHHtfrt* m such piuportions Ihat Uw resub-
am «^m|*> HiHir*" the actud consliuftinn 

win run. 

Uiat aOowa more thaa 34im (Ibin.) 
It of the hmeat pdm tm dw 

ndbe 9.1.1.4 Htefi^CBm—The 
taora to an e0em tlwt the cap 
cup hanger (cam fidtaMet) 

9.1 J GiooringTaalM iBipBrtgwedngtoob 
far wear on a finqnesri and iigidar baaa. The 
rapidity of wear ihirf'** oa tbe malnisl finm 
vrinch tbe tod b made aad dw typm of Mib 
bdag tdtad. SBady sdb caam rapid uaar of 

dun farottasra 
gieateriban2.l i 

AayMd widi a dp I 
ThedepB 
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of UK tip of UK grooving tod must be 7.9 to 8.1 
mm. 

NorE6—The width of the l ip of grooving loob it 
uMvui iudy checked loing a pockei-med meatBting 
magnifiercqdppidwiihamiUniencteak. Magn^cis 
d i b i t type aie availabtefnmi tnoa hboniory mpdy 
umipanirs The depth d t h e tip dgroovi iv loob cut 
be cbodad ndog the depth measuiing feature dvcmier 

9.2 Adjustment a f Height c f Drop—AdiaaLtht 
height o f drop o f Uw cup so that tbe p d m on Uw 
cup that comes in cimtact tvith the base l ism to 
a height o f 10 ±0.2 m m . See Fig. 4 f m proper 
location o f the gage relative to the cup during 

N o n 7—A oimvenieni procedure b r adljutliiig tbe 
height d d i o p i t at fottowt: piece a piece of nuaking 
tape acrot dK outside bonom of the cop paiaDd taith 
the axit of dw cup hanger pivot. Thee i i ^o f dwtape 
aaiay foim the cop hanper tbouU bitecl the tpol on dw 
cup dMl ooatactt the bate. For liew capi, placiag a 
piece d carbon paper on die baw and dhiiaing Ibe cup 
to drop teveca timet will mark the cootad tpol. Attach 
tbe cup to the devioe and tiira the crank tnnil the cup 
it raited to i u maximum height Slide the hetght gage 
malar the cup firom the fiom, and obtervc whether the 
gipe ooaiacit U K cap OT the tape. See Fig. 4. If the tape 
aad cop ate both contacled, the height d ^ o p i t 
appimimatdy correct I f not ai|iim I I K cup luitd t i -
mulbiKom comad b made: Oieek attjuitmeM by 
birains U K cnidt at 2 levolutiom per tecond ir i t ik 
holdias liK gtge in poiitioii againa the tape and icup. 
I fa lingina or clicfciag tou id a heard withoat Ihe cop 
rmag tram the gage, the atfpmment i t cumct I f tm 
rtagins a head OTifihe cup l i t B firom the gage, rcatfitm -
the hdgbi dd rap . I f the cup rockt on tlKgage ^ f ^ n ^ 
On cbecfciag t^xratum, the cam fiolltmcr pivia it cx-
cetdvely w o n aad the worn paitt rimild te icpfeced. 
Always remove tape after complelion d aibtntmem 

MULTIPOINT LIQUID UIMIT—PBOCEOUBIS 
A AND B 

10. of Teat Spedmens 

10.1 Wel Preparation—Except where the dry 
inethod o f specimen preparation b specified 
(10.2). prepare spedmens TOT test m described in 
the following sectwns. 

10.1.1 Samples Passing the 425-pm (No. 40) 
Sieve—When by v isud a i d manud procedum 
it b determined that the sampfe b m Utife OT no 
mater id retdned on a 425-pm (No. 40) sieve. 
prepare a ipe t i i i i f i i o f 150 to 200 g by m iuag 
thoroughly w i th distilled OT deminerdized water 
on the ghtts pbite udng the spatula. I f dedred. 
soak soil i n a storage dish tvith smdl amount o f 
water to soften Ibe s d l bdore the sten o f mixing. 
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Adjust the tvater content o f lbe soil to bring j i |^ 
a consistency thai tvpuM require 25 to 35 bhnto 
o f the l iquid l imit tfevice to close the groov* 
(NiMe 8). If, during mixing, a smd l percentage of 
materid b encountered that twouU be retaiiK^ 
on a 425-pm (No. 40) sieve, remove there p ^ ^ 
cles by band, i f posdbfe. I f i t b impractical to 
remove the coarser materid by hand, remo«t 
smd l percentages (less than about 15%) gf 
coarser nu te r id by nvorking tbe spedmea 
through a 425-pm (No. 40) sieve udng a piece of 
robber sheeting, rubber stopper, OT otber convco-
iem tfevice provided the operation does nm dis­
tort the sieve OT degrade materid that would be 
retdned i f the washing method described b 
10.1.2 twere used I f laiger percentages o f ooaiie 
nu te r i d are encountered during mixing, OT it i i 
considered impracticd to remove the coarser 
materid by the methods jusi described, wash the 
sampfe as tfescribed in lO.I J . When the ooarx 
particles found during mixing are conactiom^ 
shdls. OT other fiagife partides, do not crush theK 
particfes to make them pass a 425-pm (No. 40) 
sieve, but remove by h a i d OT by washing. Ptaoe 
the mixed sd l in the rtoiage tUsh, cover to pr^ 
vem torn o f moiaure. and altow to stend fbr a 
lean 16 h (overaight). After the slanittng period 
and immediatdy bdore starting the test thor­
oughly remix the s d l . 

NOTE 8—The time lakcii to adeautlety mix a toil 
wiQ vary grealy, th pending tin the pltitii'ily a id initid 
aratcrconteiiL'faiitial mixing timei of nnretlian 30 — 
in may be needed foritifr, fiu days. 

10.1.2 Samples Containing Material Retainal 
on a 425-iim (Na 40) Sieve: 

10.12.\ Select a sufficient quantity o f soil a 
na tmd water content to proviife l S O t o 2 0 0 g d 
materid pasdng the 42S-pm (No. 40) sieve. Place 
in a pan OT dish and add suflkient water to cover 
the soil. Al low to soak unti l aU lumps ha«c 
softened and the fines no longer adhere to tbe 
suifooes o f the corase particles (Note 9). 

Nora 9—lntomecates,dKcal ioatdialt t | 
in tap water wiO achanie with the natural catioas ia 
die toil aial agniricanlly alter tbe lea retain riioold np 
aoter be need in Uw toakiag and aradiiag opcntioat. 
Udem it i t knoMo tha such catioM are not preteai is 
Ibe lap amcr, dinilied or demineialized water t i iod l 
lie ined. As a general mic. water ccwitaimng more IIWD 
too mg/L of ditKdvcd tolidt diould not be uied f » 

10.1.2.2 When U K sampfe contdns a b i ^ 
penxntage o f materid retdned on the 425-pei 

itio. 40) sieve, perform the following wrashing 
gpeiauon in increinents, washing no more than 
0$ kg ( I lb) o f materid at one tinK. Place the 
42S-pm (No. 40) sieve in the bottom o f the dean 
M . Pour the soil water mixture onto the sieve. 
If giavd OT coarte sand particles are present rinse 
0 many o f these as posdbfe vrith smd l quantities 
gf water from a wash boufe, a i d discard. Aher-
Pfiivciy, pOOT the s d l tvaler mixture over a 2-
pim (No. 10) sieve nested atop U K 42S-pm (No. 
40) sieve, rinse the fine materid through and 
ftmave the 2-mm (No. 10) deve. After tvashing 
md removing m much o f the coarser nu te r i d as 
potsibfe. add sufficient water to the pan to bring 
dK levd to about 13 m m (4^ in.)above tbe surfiaoe 
ofdK 42Si im (No. 40) sieve. Agiute tbe durry 
by airring with tbe fingers whife raidng a i d 
lowering the deve in the pan and swiriing the 
g^pension so that fine materid b washed from 
Ibe coarser partides. Disaggregate fiiK s d l lumps 
ihu have not slaked by genUy robbing them over 
die deve wi th the fingertips. Complete the wash­
ing operation by raidng the swve above the water 
wrboe and rindng the materid retdned tdtb a 
man amount o f dean water. Discard materid 
tdained on the 425-|im (No. 40) sieve. 

10.1.2.3 Reduce U K water content o f the ma-
iciid pasdng the 425-tim (No. 40) sieve unti l i t 
ipptoaclKs the l iquid Umi t Reduction o f water 
content may be accomplislied by one OT a com­
bination o f the foUowing methods: (o) expodng 
the air cwrents at ordinary room temperature, 
lb) expodng to twarm air currentt friwi a source 
nch m an electric h d r dryer, (c) filtering in a 
Bockner found OT udng filter candles, (d) de-
caming dear water f iom surCax o f suspension, 
or (r) drdning in a oobnder OT plaster o f pa ib 
dish lined with high rcientivity, high wet-strength 
Glter paper.^ I f a plaster o f pads dish b used, take 
cue that the dish never becomes suffidendy 
Biurated that it f d b to activdy absorb water into 
ib surface. Tbcmmghly i l ry dishes between uses. 
During evaporatiim and coding, stir the sampfe 
often enough to prevent overdrying o f the fringes 
(nd toi l piunades on the surface o f the mixture. 
For sd l mmples ocmtdmng sdubfe sdts. use a 
BKdMd of water reduction such a s a ot b that 
• i n not diminate the sdubfe sdts from the test 
aiedmen. 

10.1.2.4 Thoroughly mix the nuitei id pasdrig 
<ke 425-pro (No. 40) sieve on Uw gbss pbte udng 
Ike tpaiula. Ad jua the water ccmtent o f the mix-
•ure, i f necessary, by aiMing small increments o f 
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distitted OT deminerdized water or by diotving 
the mixture to dry at rooin temperature whik 
mixing on the gbtts plate. The s d l shouU be at a 
water cimtent that w i l l resuh in dosure o f U K 
groove m 25 to 35 biows. Retura the mixed sd l -
to the miMOg tlisb, cover to prevem toss o f mois­
ture, and allow to stand lor at least 16 h. After 
tbe standing period, and immedialdy bdcne 
starting the test remix the soil tfaoronghly. 

10.2 Dry Preparation: 
10.2.1 Sdect suff idem s d l to provide ISO to 

200 g o f mater id paadng Uw 425 i im (No. 40) 
deve after pracesdng. Dry the sample at room 
temperatore or in an tiven at a tempoature not 
exceeding 6( fC unt i l the aod d o i b win pulverize 
readily. DiaaggregaiitmbexpeditBd i f the sampfe 
b not allowed fo compleidy tfay. Howerer, the 
s d l shouki have a dry appearance when pulver­
ized. Pulverize the sanqife in a mortar with a 
robber tipped pesid or in some other way that 
does not cause breakdown of indiv idud grains. 
When the coaise paii ir les f twnd during pulveri­
zation are concretitms, shdls, OT other fiagife 
partides. do n « crush these particfes fo make 
them pass a 425-pm (No. 40) sieve, but remove 
by hand OT other suitafafe means, such m washing. 

10.2 J Separate Uw sampfe on a 425 i im (No. 
40) sieve, shaking the sieve by hand to assure 
thorough separatiim o f l be finer f rwdotLReturn 
Uw mater id letauwd on Uw 4 2 5 i i m (No. 40) 
sieve to the pdvef iz ing apparatus and repeat Ibe 
pdveriz ing and sieving operalioiis m many tiuKS 
m necessary to assure t i n t aO finer materid hm 
been disagpcgated and maier id reldned on U K 
425-pm (No. 40) sieve oondsb imly o f individud 
sand OT gravd grains. 

10.2.3 Place mater id remainiiig tm the 425-
p m (No. 40) sieve after the find pdverir i i ig 
oiKrations in a dish and soak in a stsaU atncwni 
o f water. Stir the soil taaler mixture and pour 
over the 425-pm (No. 40) sieve, catching the 
water and any suspentted finm in the ivashinB 
pan. Pom t h b anqKiidon info a dish contdmng 
the d iy soil previously sieved Ihrough the 425-
p m (No. 40) deve. Discard materid retdned on 
U K 4 2 5 i i m ( N a 40) deve. 

10.2.4 Atljusl the water cnntent m uecessaiy 
by t irying m described in 10.1.2.3 OT by mixing 
on the gbm plate, using the spatnh white adding 
increnwno iof thsrilfed OT ifeminendized water. 

'S and S »S llher I 
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until Uw soil bat a water content Uut wiU resdt 
in dosure of Uw groove in 25 to 35 blows. 

10.2.5 Pm soil in Uw storage dish, cover to 
prevent lorn of moistiue and allow to stand (ot 
at leaa 16 h. After the atantfing period, aid 
immediately hcfare aiartiiig the test thorougbly 
remix Uw soil (Note g). 

II . Piuiidmi 

11.1 Place a portion of Ihe prepared soil in 
Uw cup of Uw Uquid Umit device at Uw pdnt 
where dw cup rests on tbe base, squeeze it down. 
andaxeaditintoUwcuptoatfeplbofabout 10 
mm at itt deepest point tapering to form an 
appnuimalely horiaoatd surface, take care to 
cfinuaate ab hubbfea fiom tbe anil pd bm fiam 
the pm whh M few (trakm m poaabte. Heap Uw 
unioed a d on tbe gism pbne aad oner with the 
mverted slonage dab or a wet towel 

11.2 Fonn a groove in tbe soil pm by tfaawing 
the tool beveled edge farwmd, Ihrough Ihe soil 
on a fine joining Ihe hi^Mat poim to Uw hrwea 
point on the rim of Uw cnpi When dating the 
groove, bold Uw graoviag tod aganat the surface 
td'tbecnpaaddimr ia an arc, nuintBining the 
tod pcsprwlinibir to Uw surface of Uw cup 

its movement See Fig. 5. bi soih 
IB groove cannot he mnde in one airake 

teariag Uw soil cut the groove widi 
several strobes of tbeffoovmg tod. Ahenutivdy, 
cm the giooic to diabdy tem dun rsquned di-
nwBiioHS with a (patutai aad um the grooviag 
u d to bri|ig the groove to fiad îi—««i««i« 
Eacsdm eatreaw care to prevem liiding the aoil 
pat rdative ID dw smfaoe of dw cup. 

11.3 VeiiiVtbatnocnimhsofsdlsrepresem 
on the ham « t h e undcnide of the eupL l i t aad 
drop the cap by nunmg the crank at a rate of 1.9 
to 2.1 drops per aaoond unta the ttao halves of 
dw aofl pat eoaw in eontact m dw bottom of dw 
groove along a diaianoe of 13 aun (K ULIL See 
F » 6 . 

Non IO-Uwtbecaddibegraonagmd.Fig.2. 
r a scakwreriiy that faa groove bmcbaad 11 mm 

fKi 

11.4 Verify dtti an air bubbfe hm am caused 
premature cfedag oflbe groove by obaernag Uut 

ifes of the gnunc have flowed 
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operation and repeat I I.I to 11.3. If the toil 
dides on the suifiwe of the cup, repeat ll.i 
through 11.3 at a higher twatcr content If, after 
severd triab at sucoesdvdy bigber water con­
tents, the sml pat continus to dide in the cup « 
if the number of btotvs required to dose die 
groove b ahways less than 25, record that the 
Uquid Umit couU not be tfetermineil and repon 
the sdl as npnplastic WIUHMII performing Ue 
plastic Umit test 

11.5 Record the number of drops, N. required 
to dare the groove. Remove a dice of sod ap 
proximately the width of the spatula, extendiai 
fiom edge to edge of the soil caikc al right angto 
to the groove and induding that poition of ibt 
gioiive in tdiich the soil flowed together, place b 
a wdgtwd contdner, and oover. 

11.6 Retum tbe aoil reoidning in the cup to 
the glaa plate. Wash and dry the cup and groov­
ing tod and reattach dwcup to the carriage u 
prepaiation fiir the neat trial 

11.7 Rentia Uw entire soil spcfimen on tfe 
glass pfete adding distiOed water to increare da 
water contem oflbe sdl and drrreare Ihe numha 
of blows required to dose Uw groove. Repca 
ll.l Unough ll.6fbrmle8sllwoadditiondtridi 
produdng sucoesdvdy lower munben of blom 
to dose Ibe groove-OIW of the Irisb ihaO he fo 
a dosure requiring 25 to 35 blowa, oiw for dosuic 
betecen 20 and 30 blows, and one trid fm t 
ctosure iwpriniig 15 to 25 blows. 

11.8 Determine Uw water oontent IFM of dK 
stiil ̂ wcimen fiom each trid in iwoordanoe witb 
Melbod D 2216. Make all weighings on Uw same 
balanoe. Initid weighings should be peifOTawd 
immedialdy after oompfetion of the lert. If the 
test b to IK iiitemqaed fiir more than abom IS 

Uw spedmens already ofatanwd shodd be 
I al Ibe time of the intenuption. 

12. 

12.1 Ptot tbe rrtotinnship belwtm Uw water 
content W„. and Uw conespanding number <f 
drops, N. of tbe cup tm a semifaigariUinnc giapb 
with the water content m tmUnatea <m Ihe aritb-
meticd scale, aad the number of drops m abads-
aa tm the togaritbimc scale. Draw Uw bea 
straighl line through the thrre OT more ptoued 
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liond methods may be subaituted fw tbe graph-
icd method fm fitting a straight Une to the date 
and determimng the bqud Umit. 

ONE-POINT LIQUID UMIT—TSOCCOUBfS 
C AND D 

liquid Umit vdum b greater than one percentage 
pdnt repeat the ten. 

PLASnC UMIT 

13. ncpanationdTcsi: 
13.1 Prepare the spedmen in the same man­

ner u described in Sectfon 10. except that at 
mixing, adjua the water content to a consistency 
requiring 20 to 30 drops of the Uquid Umit cup 
to dose the groove. 

14. Piocedaw 

14.1 Proceed » described in ll.l Uirough 
11.5 except Ihat UK number of btows required to 
ckae UK groove shaU be 20 to 30. iries than 20 
w more than 30 blows are required, adjutt the 
water content of UK sdl and repeat UK proce­
dure. 

14.2 Immediatdy after removing a water 
content spedmen as described in 11.5. reform 
UK sod in the cup. adding a smaU amount of 
sod to make up fOT that tost in the grooring and 
water content sampUng operations. Repeat 11.2 
Ihrough 11.5. and. if the second dodng of dw 
groove requim the same number of drops OT no 
more than two drops difference, secure another 
water contem spednwn. Otherwise, renux the 
entire specimen and repeat. 

NOTE II—Eiceaive drying or inadenuaw mixing 
•in came the number dUoan to vary. 

14.3 Determine water contentt of spedmens 
as tfescribed in 11.8. 

15. CdcdaUaas 
15.1 Determine Ihe Uquid Umil fOT each water 

content spedmen udng one of UK foUowing 
equaiwns: 

IX • < r ' 

form UWI 
ofsdlto 

oflbe giuuvc, r^ 
a amaO ammmt 

up lor that tost in the grooving 

12.2 Take the mder ooalem onrreqwnding to 
the.inlcrsBclioa of dw fine witb the 25-dnp 
afascism as the Uquid Umb of the sdl. Compute-

U - mif,) 

tvbere: 
N ' »the number of btotwscaudng dosure of the 

gnxive at water cmiient 
tf* - water content and 
K »afociOTgiveninTabfe I. 

The Uquid Umh b the average of the two trid 
Uquid Umh values. 

15.2 If Uw difference between Uw two trid 

16. PlepararienafTeat! 
16.1 Sdect a 2l^g poition of soil fiom the 

materid preparal b t the Uquid Until test, either 
after the second mixing bdore the test, OT from 
tbe sod remdning after completion of the tea. 
Reduce the water content of the aoil to a coada-
ency at tdnch it can be roUed without sticking to 
the hands by spreading aid nudngciHitinuoudy 
on the gbus pbte. The drying proccm may be 
accelerated by exposing the soil to tbe air Cttirent 
fiom an dectric fan, OT by hloltiag with paper 
Ihat doa nm add any fiber to the soil such m 
hard surfiwe paper loweUng or high wet strength 
fdter paper. 

17. I^inedare 
17.1 From the 20« mass, select a portion of 

1.5 to 2.0 g. Form Uw test ipecinwn into an 
eUipsddd mass. RoU thb mass between the pafan 
OT fingen and the ground-glass pbte wiUi jua 
suflicienl pressure to loU the nuB into a thiead 
of udfinm diameter throughom itt tengdi (Note 
12). The Uuead shaU be hatbet dcfarined on 
each stroke so that itt diameter b oontinuouriy 
reduced and itt fengUi extended until dw diam­
eter readws 3.2 ±0.5 mm (0.125 ±XI20 in.). 
taking no more than 2 imn (Note 13). Ihe 
amoum of hand OT finger pressure required win 
vary greaUy. aooonbag to the soil Fngde idb of 
tow piutidty are best rdfed uadcr Uw ouWr edge 
of Uw pdm OT m the baw of Uw dumb 

Non 12—A nonnd rde at tetbag fot maa tdb 
ibouhl be 10 m 90 aioka per minrtc; ooonnas • 
arakc m one aunpictt motion ddw hand fiuwwd and 
back M the aaning podlion. Thit raw of nlliag easy 
have to be decnaaed for vcnr bagile taik. 

Nort 13-A 3.2-mm (Mn.) diameter rod orirtu 
it ntefU far fteqoem comparitnn with dw toil dwad 
w —"'*"" when the ttnaad bai icadad the proper 

rfari 

17.1.1 When the dbnwtcr of the thread be­
comes 32 mm. break dw ducad mto several 
pieces. Sqiieere dw piepm togrthcr, kncsd be­
tween Uw thumb and fad finger of each hand, 
icfonn into aa dl9Sddd mass, aad eerdL Coa-
tinne thb alwniatt idUag to a thiead 3 J mm in 
dbnwttr. gadwring fagaber^ kneadmg and » 
rdUng. until ibe thiead crambfes under the pres-
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sure required fia rolling aad tbe soS csn no 
tonger be roOsd ntto a 3.2-mm diameter duead 
(See 1%. 7)L It bm no (ignificanoe if Ibe thicnd 
hnahs i a t e ^ n a b of afaoiter fengb. RoO each 
of ItaesB Shnsfer threads to 3.2 mm in liianwier. 
Tbe oa^r ssqoiicawm far ooatiBuing tbe lea b 
that Ibqr are sUe to be Tfoiiia^l into an dUp-
soidd mam and railed am agam. Ibei 
ddD at no time attempt to produce 
esacdy 3 J mm diameter by I 
toreaetaSJi 
OT dw band pnesaat^ or both, white I 
Uiei -• _ 1 -

• n b peimbsibte; however, to 

I 3.2inm 
dw 

13.2 
Ipointipao-

I B 
, Onmbfang oflbe 
; : r , , with the 

I typm of sml Soaw sdb faO spmt m 
lof paiticfea^ 

hyerChm 
.Tbespfitti^ 

,aadfiaaBy, OB 
i F d d a y s d h 

to defarm dw thread, 
.r a dtey appraacb dw plaaiw Unat 

Wbb foeas sdb^ thp d a o d tacahs ndo a serim 

(lkto»ia.)iafen«h. 
n 2 GadM the pmtnms of 

eina 
reoeerdw 

17.3 Sihrl aiMlbu 1.5 to 2j0g portion of sod 
Son the origdd 20g spednwn and repcm tbe 

ibed in 17.1 and 17.2 umd dw 
rbmmkastbgofKiil 

17.4 Rapem 17.1 through 17.3 to make an-
Aercontdner hoUmg tt teaa 6 g of mil De­
ntine the water content m pereem. of tbe aoil 
Mtained m the oontainen in aoomdanoe 
fedwd D 2216. Mdw aU wdghnv on dw I 

W. %«>mm>a ^ ^ ^ , , 

18.1 Compute Uw average of Uw two w«w 5 f ^ 
contents, iruwdiflfacnoe between Uw two WMZ " " ^ . " 
contentt b greater Uun two penxntv poiir ^ ^ j ^ ' ' ^ " ^ 
rcpettUw lea. Tbe ptastic Umit bUwavoaieJ f. 
Uw two water contents. 22 

rfCiaaw 
e v a a c l 

(Facnrfa Liqiid U B U ) 

PLASnCITY INDEX 

19. 

19.1 CafculateUwptastidly index mfo|lo«c 
r t ' L L - P L 

IX • Ihe fiquid Umit 
/^.-UwptaaticUmit 

Both iX and FL are whofe nunfoen. If dflai 
dw fiquid Knui OT plastic Umil oodd nm fe 
determined,«if Uw plastic Umit b equd to 01 

Uwn the liquid Uaut report the soil a 
• NP. 

2a i Report UwfidtowmginfiMnution: 
2ai . l Sampfeidenti^m« 
20.1 J AnyspecUspednw 

I m removd of send fiom undb 

ao.lJ ReportssmpfeuabdriedifUwsampk 
wm aiidried before OT ihuing pRparaliim, 

20.1.4 Liquid Umit plastic Uaut and pimtio-
ity index to Uw nearest wbofe number and adl-
ting the pereem designation. If the Uquid Umit or 
plastic fintit testt ODuU not be perfimned, OT if 
the plastic fimit b equd to OT greater than the 
Uquid fimit report Uw sdl m ewwî Sm^ ^p, 

20.1.5 An estimate oflbe pereentage of sam­
pfe retdned on Uw 42S-(im (Na 40) sieve, and 

2ai.6 Piuceduic by which Uquid Umit ww 
peiformod. if it tliflien from the muhipaiBi 

NOR M—Tie taaan of 
8mSBfebbmmri»mrcnmiaMiij ofmetea 
n a amaawte pncnw to pnform only one 
BadltndufondKiwniimiiti in the tea 

21. 

21.1 NO interlaboratoiy testing program ha 
m yet been conducted udng thb test method te 
determine mnbilaboralory precisiaa. 

21.2 The within laboiaiory precision of Uie 
resuhs of testt performed by different tipeiams 
tt one teboratoiy on two sdb udng Procedure A 
fiir Uw Uquid hmit b shoini in Tabte 2. 

2] 
24 
2S 
26 
27 
28 
29 
30 

0.974 
0979 
asas 
0 9 » 
0.99S 
1000 
l iBI 
ime 
IOI4 
IOI8 
1022 

SWIA 
K. 
IX 

Soda 
«, 
u . 

21.9 
27.9 

201 
n j6 

1.07 
107 

U I 
098 



DIMENSIONS 
LETTER 

MM 

MM 

54 
± as 

N 
24 

2 
± 0.1 

28 

2T 
± 0.9 

24 

96 
± 2.0 

49 

32 

IP 
4T 

± 1.0 

10 

3.8 

16 

IS 

60 
± 1.0 

"7" 
6.9 

ESSENTIAL DIMENSIONS 

v^ 
B Itf-----

& 

H 

• r r ' : : 

•iWn 

"v" 
-.-. A-. 

90 
± 2 . 0 

Tr= 
190 
± 2.0 

129 
± 2.0 

•V DIAMETER 
CR5 OR BRASS PIN 

'HARD RUBBER BASE CONFORMING ^SOFT RUBBER CONFORMING TO 
TO SPECIFICATION IN 6.1.1 SPECIFICATION IN 6.1.2 

nc. I I I M ( Otirtnil LI«aU Umt Dt>la 

CAM, 
ANCLE 

DEGREES 
0 

SO 

60 
90 

120 
. 150 

160 

210 

240 

270 

300 

330 

360 

CAM 
RADIUS 

0.742 R 

a79SR 

0.764 R 

a77S;R 
0.784 R 

0.796 R 

ae i 6 R 
a854R 

0.901 R 
0.945R 

= 0.974 R 

0.995R 

l.OOOR 

t 

I 

" I • 

S 5 

r * 
O "" 
1 

;; 

I* 
k 
K 
•n 

(A 
(0 
B 5 n 

B 
B 

15 
i 
K w 

01 

o 

H- o 
g 

§ 1 
o 
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I -
m 

m 

e> 

X 

b . 

» 

r 

a 

E 

a 

P 
i« 

P 
tn 

P 

o 
t 

P 

r ' 
-1 

m 
9 

> 

O 

» 

» 

1 g 
S m 
z 
o 
z 



04318 

PoaiT wHcne 
CUP CONTACrS BASE 

Hetcur oMJoe 

nc.4 

UASiemig TAPt Apn ieo AS A ID 
IN AOjUSmtNT OPERAtlON 

tu i taatoma 

n c . S Gnmd!idirwiBUvULkanD«4er 

776 

04318 

.<!«' 

Li*:. 

•• ^v-is 
ra;.* SdlPMAmrGmaMllnamS 

777 
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APPENDIX D 

SOIL BORING LOGS 



Boring Log 
Legend 

SAMPLE 

(Nunber) S o i l t m p l e s are nuneered c o n s e c u t i v e l y , f r o n t ne ground s u r f a c e . 
ntamaraO c o n s a c u t W e l y f r o B t n e f i r s t co re r u n . 

Type: A* Auger C u t t i n g s 
PT> P i s t o n Tube 

01 • Core Run 
ST« Shelby Tube 

MS* M o d i f i e d Spoon 
SS> S p l i t Spoon ( 2 - O.D. 

Core sanples v e 

PB* P i t c h e r B a r r e l 
UC- Hash C u t t i n g s 

Interval: 

BLOH COUNT 

Tha depth of soap)ing interval in feet belo« ground surfKe. 

The nuaber of bloirt required to drive a 2-inch 0.0. tplit-spoon saopler aith a 1*0 pound haonwr fal l ing 
30-inches. liian appropriate, tne sanpler i t driven 18 inches and bloa counts »re reported for each 
6-inch interval. The sua of blow counts for the la i t tao 6-inch intervals is designated as the standard 
panttration resistance (N) eipressed as blovs per foot. 

RECOVERY IN INCHES 

The length of sa 

U.S.C.S. SOIL TYPE 

pie recovered by the saaipllng device. 

The (Mified Soil Classification System s>nbol for recovered soil saaples detenained by visual eianination 
or laboratory tests. Refer to ASTM 024B7-69 for a detailed dascrlptian of procedure and syanots. undar-
tinadsjadiols denote classifications based on laboratory tests ( le : ML), a l l others tre based on visual 
classif ication only. 

PERCENT MOISTURE 

Natural aolsture content of sanple expressed as percent of dry Height. 

3u,_rsf 

Unconfined coMpresstve strength in tons per square <oot obtained by Hand Penetro 
couaression test values are Indicated by underlining. 

CONTACT DEPTH 

etcr. Laboratory 

The contKt depth betaeen soil layers is interpreted frou significant changes in recovered saiaples and 
observations during d r i l l i ng . Actual changes betMaen soil layers often Kcur gradational ly and the 
contact depths shoan on the boring logs should be considered as approiluate. 

SOIL OCSCRIPTION ANORENMKS 

Soli doKrlptions Include consistency or density, color, predonlnant soil 

Consiitency 
Very Soft 

Soft 
Mad I <*• St i f f 

St i f f 
Very St i f f 

Hard 

ISSHESM 
less than 0.2S 
0.25 to O.SO 
0:50 to V.OO 
1.00 to 2.00 
2.00 to 4.00 

aore than 4.00 

TT; 
— i n — 

2-4 
5-8 
9-15 

15-30 
Over 30 

" PinsT . 
i a r y Loose 

Loose 
N i d l u B Oanta 

Dense 
Very Densa 

i t s o i l t y p e s , and laodl 

WHCSlffluHI. j f f ig : 
t y B l o w s Per 

and j aod . l f y t ng const I t u e n t s 

Ho;* Vv 
1 or 
S to 
11 to 
31 to 
Over 

Foot 
less 
10 
30 
SO 
SO 

PARTICLE SIZE DCSCRIPTIOi 

Boulder • , 
Cobbia • 
firaval • 
Sand • 
Si l t aad Clay • 

Larger than 12 Inches. 
3 te 12 inches. 
0.187 te 3 Inches. 
0.074 • * te 4.76 aa. 
Saatler than 0.074 m . 

DtFmiTIOII Of TWWS 

Trace • 5 te 12 percent by aeight. 
Soae • 12 te 30 percent by aelght. 
And • Approilaatety equti fractions. 
( )• OrlDer's observttlon. 

PltZO. 

(Pleioaeter) Screened interval of the plenaeter installation ti denoted by cross-hatching. 

timvi. nan 
Tke boring logs and related Infbraatlbn depict subsurface conditions only at the specified Ixations and 
data Indicated. Soil conditions and Meter levels at other locations aay differ froa conditions occurring 
•t tHese boring locations. Also the passage of tl«e aay result in a change in the conditions at thete 
boring locations. 

soil TEST 908188 m f U M L 

Defined as any aaterlal causing a blow count greater than SO b)o«i/4 Inches. Such aaterlal aay include 
bedrock, 'floating* rock sliat. boulders, dense gravel seaas. or coaented soils. Refusal Is usually 
indicated In fractional notation showing n\mtar of bloa* as the nuaerstor and Inches of penetration as the 
dendsinstor. 



Canonie Boring 
Log 
PROJECT No. 

BORING No. 

LOGGED BY_; 

PAGE OF 

PROJECT NAME. 

BORING LOCATION 

D R I L L E R 

X 
1-
0. 
UJ 
o 

In. t-

D i 

S A M P L E 

No. TVOC 

• 

•INTERVAL 
FROM 

^ 

TO 

BLOW 
COUNT 

0 
6 

• 

6 
12 

• • 

12 
18 

is uses 
SOIL 
TYPE 

^1 
^ T E ' STAR 

qu 

TSF 
H a 
Z UJ 

8° 

SURFACE ELEV. 

T F IN ISH 

SOIL DESCRIPTION 

AND REMARKS 

• 

UJ 
Q. 

— 

r 
i 

i — 

n 

i 

! 

• 

— 



APPENDIX E 

BOTTOM SAMPLING DREDGE 

nvironmental 



Bottom Sampling Dredge 
This grab type Dredge features flow througti design for low drag and good 
descent ability Positive acting jaw and lid control system An excellent tool for 
obtaining quantitiveand qualitative sampling of soft river, stream and lake 
bottoms Optional Operaling Handle allows shallow sampling by hand 430-350 
Botlom Sampling Dredge comes complete with polyurethane finished marine 
plywood carrying case, dredge, messenger, lOO' sounding line, and screened 
wash bucket. 

Features 
• One man operation 

SpecHications 
Materials. 
Chamtjet volume 
Chamber Dimensions. 
Sounamg Line. 
Dimensions. 

Solid brass with siainiess steei springs and cables 
216 cubic inches (3450 cm'i 
6" « 6" « 8" M52mm > I52mm > 152mm) 
Nylon 
13' « 15 .-' « 15 : l33cm < 39cm « 39cmi icarry-ng casei 

Models 
430-350. Bottom Sampling Dredge 

Weighls 
Net 20 lbs (9 kg): Shpg. 28 lbs (13 Kg) 

Accessories Options 
430-351. Operating Handle. 5'. 
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ROCK CORE LOGS 
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Rock Core 
Log Legend 

CORING DATA 

SIZE: The nominal diameter of rock core is designated by: 
BQ- 36.5 inn (1.432 Inches) AU« 30.1 inii (1.185 Inches) 
NQ* 47.6 ran (1.87S inches) BH* 42.0 mn (1.655 Inches) 
HO- 63.5 ran (2.500 inches) N W 54.7 ran (2.155 Inches) 
PQ- 101.6 mn (4.0 Inches) NX- 54.0 mm (2.125 inches) 

PRESS., PSI: Denotes hydraulic down pressure in pounds per square Inch. 

RATE, FPH: Denotes drilling penetration rate in feet per minute. 

X CR: (Percent Core Recovery) The length of recovered core divided by the length of core run 

and expressed as a whole percent, 

LOSS: Graphic zone of lost core (solid) or significant drill water losses (cross-hatched). 

DISCOhTINUITlES 
RQD: (Rock Quality Designation) The total length of recovered rock core pieces. 4 Inches or longer 

divided by the length of core run and expressed as a whole percent. Mechanical breaks during 
sampling are considered as unbroken core. 

FPF: (Fractures per Foot) The average number of separations of all types (Including mechanical 
breakage during sampling) per foot of recovered core. 

JOINTS: Natural separations usually Inclined to and crossing the bedding planes. Joint location and 
orientation Is denoted by angular dip (degrees) with respect to assumed horliontal. 

h' horizontal joint, v* vertical Joint, s* slickensided Joint 

Joint filling materials are denoted by: c1« clay 
py" pyrlte 

Ca* calclte 
Fe* Iron oxide (rusty) 

Joint spacing is denoted by: vc« very close (less than 2 Inches) 
c« close (2 Inches to 1 foot) 

mc« moderately close (1 foot to 3 feet) 
w> wide (3 feet to 10 feet) 
vw« very wide (greater than 10 feet) 

BEDDING 

Bedding planes are approximately horizontal unless otherwise stated. Notations include only actual 
separations (natural and mechanical) on bedding planes. 

Spacing of bedding separations Is denoted by: 

Condition of bedding separation is denoted as: 

TT« very thin (less than 2 inches) 
TN- thin (2 Inches to 1 foot) 
I0« medium (1 foot to 3 feet) 
TK> thick (3 feet to 10 feet) 
VT« very thick (greater than 10 feet) 

0* open 
t« tight 

s* stained 
m> mineralized 
c1' clay filled 

HARDNESS 

VH« 

H-

MH-

S-
VS-

(very hard) Cannot be scratched with knife. Breaks under several strong hammer blows with very 
resistant sharp edges. 
(hard) Can be scratched with knife with difficulty'; Breaks under one or two strong hammer blows 
witli resistant sharp edges. 
(moderately hard) Can be scratched with knife. Breaks easily under single hammer blow with.crinbly 
edges. 
(soft) Can be easily scratched or grooved with knife. Breaks under pressure of pressed haomr. 
(very soft) Can be carved with knife or scratched with fingernail. Breaks under finger pressure. 

STRENGTH TESTS 

Qu: Unconfined compressive strength In tons per square foot. 

Is: Diametrically loaded point load strength index in pounds per square Inch. Parentheses indicate 
axially loaded.samples. 



Canonie Rock Core 
Log 
PROJECT No. 

BORING No.-

PAGE OF 

PROJECT NAME 

BORING LOCATION. 
DRILLER 

.SURFACE ELEV.. 
DATE' START FINISH. 

a. 

CORE 

NO. 

. 

LEN. 1 
CORE DATA 

SIZE PSI FPM 
% 

CR. i 
DISCONTINUITIES 

ROD FPF JOINT 
§ 
u < 

X 

«?ST?*' 
DESCRIPTION 

AND REMARKS 
Qa 
TSF 

I t 
PSI 

. 

' 

• 

1 
-J Rev r-as 
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APPENDIX G 

OBSERVATION WELL DIAGRAMS 



Canonie Observation 
Well Details 
PROJECT No. 

WELL No. 

PROJECT NAME. 

BORING LOCATION. DATE BY 

EL. 

NOTES. 
1. NOT DRAWN TO SCALE. 
2. SEE BORING LOG 

DETAILED SOIL DESCRIPTION. 

•M 
1 * 

• . * 

t f 

. a 
« 

* 

ft' '. • 

• • 

. » • " 

••. f 

ft 

1 
' 

— 

^ ' . 
* •« 

k a 

' .« 

4 

* 

• . . i 

• »' • 

1 

DEPTH 

EL. 
DEPTH 

EL. 
DEPTH 

EL. 
DEPTH 

EL. 
DEPTH 

EL. 

GROUND SURFACE 

DEPTH 

TOP OF SEAL 

TOP OF BACKFILL 

TOP OF SCREEN 

BOTTOM OF SCREEN 

BOTTOM OF BORING 



Ol 
m 
I 

en 
in o 
I 

(O 
00 

Canonie Observation 
Well Details 
PROJECT No. 86-059 

WELL No. 

PROJECT NAME WAUKEGAN HARBOR 

BORING LOCATION DATE BY 

NOTES: 

1. NOT DRAWN TO SCALE. 

% 

7} 

. •>. 

CA 

\ . i i I I I I 

6" OIA. 

LOCKING STEEL CAP 

PVC CAP 

4" DIA. STEEL PIPE 

-GROUND SURFACE 

•CONCRETE 

r DIA. SCH 80 
BLANK PVC PIPE 

VOLCLAY GROUT 

•TOP OF SEAL 

•TOP OF BACKFILL 

•TOP OF SCREEN 

0.010' SLOT 
r OIA. SCH 80 
PVC SCREEN 

•NATURAL WELL-GRADED SAND BACKFILL 

-BOTTOM OF SCREEN 

•BOnOM OF BORING 

TYPICAL WE.LL DETAIL 
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LABORATORY FORMS FOR SOILS ANALYSIS 



APPENDIX H 

LABORATORY FORMS FOR SOILS ANALYSIS 

Moisture Content Fonn 
Sieve Analysis and 200 Wash Form 
Grain Size Curve 
Standard Proctor Form 
Consolidation Form 
Atterberg Limit Form 

Permeability Form 



CanonieEnviionmeiilal WATER CONTENT 
DETERMINATION 

PROJECT: 

PROJECT No. 

BORING No. . 

TFSTPn BY 

CAI C BY 

CHKn BY 

nATF 

f)ATF 
nATF 

TARE NO. 

1 -

TARE + WET SOIL 

TARE -I- DRY SOIL 

WATER 

TARE 

DRY SOIL 

WATER CONTENT (%) 

SAMPLE 

DEPTH 

.. •. .> 

. 

TARE NO. 

TARE + WET SOIL 

TARE + DRY SOIL 

WATER 

TARE 

DRY SOIL 

WATER CONTENT (%) 

SAMPLE 

DEPTH 

TARE NO. 

1 

i 

TARE -I- WET SOIL 

TARE + DRY SOIL 

WATER 

TARE 

DRY SOIL 

WATER CONTENT (7.) 

SAMPLE 

DEPTH 

' 



CanonieEixviionmenial SIEVE 
ANALYSIS 

PROJECT 

PROJECT No. 

BORING No. 

SAMPLE No. 

SOIL DESCRIPTION 

TESTED BY 
CALC. B Y _ 
CHKD B Y _ 

DEPTH. 

WATER CONTENT 

WT. OF TOTAL SAMPLE DRY (BEFORE WASH) = A (gm). 

WT. OF TOTAL (+200) .SAMPLE = B (gm) '. 

WT. OF TOTAL ( -200 ) SAMPLE = C = A -B (gm), 

DATE 

DATE 

DATE 

TARE No. 

WT. TARE + WS (BEFORE WASH) (gm) 

WT. TARE + DS (BEFORE WASH) (gm) 

WT. TARE + DS (AFTER WASH) (gm) 

WT. TARE (gm) 

' 

WT. WET SOIL (BEFORE WASH) (gm) 

WT. DRY SOIL (BEFORE WASH) (gm) 

WT. WATER (gm) 

WATER CONTENT (%) 

. gm 

. gm 

. gm. 

, % 

SIEVE 

3" 

1 1/2" 

3/4-

3/8" 

#4 

#10 

#20 

#40 

#80 

^ #200 

W ^AN 

SIEVE 
OPENING 

75.0 

37.0 

19.0 

9.5 

4.75 

2.00 

0.85 

0.425 

• 0.177 

0.075 

ACCUMULATIVE 
WT. OF SOIL 

RETAINED (gm) 

PERCENT 
FINER 

nOARf^F % 

fiRAVFI % 

FINF T. 

COARSF % 

MFnilJM % 

ciAisin « 

RNF 5: 

FiMPq v: 

DM 

Dio 

.mm 

.mm 

.mm 

Cu 

Cc 

= DM /D IO = . 

(D3o)'/(Dio • DM) 



CaIlOllleEn^nralrrBrM Particle Size 
Distribution 

PROJECT. 

PROJECT NO. 

BORING N O . . 

PLOTTED BY_ 

CLASSIFIED BY. 

.CHECKED B Y . 

.DATE 

.DATE 

.DATE, 

CL 
0 

lUUI • 

K-
S no 
O "O 
UJ 
9 70 
> • 
OD 60 • 

S s o ~ 50 

C' „ . 
40 

2 «n . 
UJ ^ 

o s *° 
(L 

a 1 

SIEVE ANALYSIS 

EAR SIEVE U.& STANDARD 
PENIN6S NUMBERS 

11/2' V ^ Vf l^ 4 10 20 
1 1 1 1 . t . 1 

. 

' 

•• 

. 

• 

' 
i 

i 
! 
1 
! 
i 

• 

SIEVE 

40 1 
1 

' ; 

HYDROMETER ANALYSIS 

10 140 200 
I I 

i 

' ! 

1 

! 

' 
i 

I 

0 

10 

20 

90 

A ^ 

90 

KO 

ro 
A A 

80 

90 

100 
too 10 i .o 0.1 a o i 

PARTICLE DIAMETER IN MM 
0.001 

i flWAVlL 

" • ^ ' " - " 

SAliO' 
Eoar»l i M d i y I f l M SILT AND CLAY FRACTION 

> 

m 
Q 
UJ 

z 
< 
I -
UJ 

UJ 
o 
Q: 
UJ 
a. 

0.0001 

HDQIBflL aoRima SAl t f lX 

•• 

D » T H 

. 

— — T T T i i l l l l 11II1 — I M K<m<nvi4iT:^| 

R«v e-9S 



CanonieEnyJionnieiital COMPACTION 
TEST 

ppn.iFrT 

PROJECT No . 

BORING No 

SAMPLE No. 

SOIL DESCRIPTION 

BLOWS/LAYER 
MOLD DIMENSIONS: DIA. 

TESTED BY 

CALC. B Y _ 

CHKD B Y _ 

DATE 

DATE 

DATE 

DEPTH. 

. No. OF LAYERS. 

. f t . Ht 
WT. OF HAMMER. .lb 

. f t . Vol. cu ft. 

WATER CONTENT DETERMINATION 

u 
o. 

i 
ra 

SAMPLE No. 

MOISTURE CAN No. 

WT. OF CAN + WET SOIL 

WT. OF CAN + DRY SOIL 

WT. OF WATER 

WT. OF CAN 

WT. OF DRY SOIL 

WATER CONTENT. w?5 

1 2 3 4 5 6 

DENSITY DETERMINATION 

ASSUMED WATER CONTENT 

WATER CONTENT, w% 

WT. OF SOIL -f MOLD 

WT. OF MOLD 

WT. OF SOIL 

WET DENSITY l.pcf 

DRY DENSITY M. pcf 

1 , 

rd - r / (1 + w) (DRY DENSITY EQUATION) 

ZERO AIR VOIDS CURVE 

M = G, rw/1 +(wGs/S) G. 

w rd 
(ZERO AIR VOIDS 
EQUATION Sai100%) 

OPTIMUM MOISTURE = _ 
MAXIMUM DRY DENSITY -pcf 

WATER CONTENT, w% 



CtaoiiliiShviixnrnaital 
PI«OJCCT.._ 
MOJCCT N a . 

Tcsrco BY. 

CALC •% — 

.OATC. 

.OATC. 

.DATE. 

CONSOUCIATION TEST 

APMWmiS MCASUREIIEIIIS APPLIED UMOS 
OOnrMNiEiR H Q O H T . Z , . . ^ C H L ta. sac FMCnON MIOWINGC IN % 
pOMTMNill O M M C i a i _ a i k hi. _ t _ 
OONTMNOI MSh, A M iq. *— , 
STONE • COVER 

.SMvuKrm. S0UD8 HEKHT. Z H . - - j r - S - • cm.- Jn. 

OCSIIEE OF SMIMATiaN IN % 
TEST STAilT 
lESF END 

ffCOnC MMMIV. S , . 

WKTDI OONnENT 
miKMni jDomow 
OONTMNERMa 
«r. OONTMNBI • NET SOB. M • 
«r . coNMNEi • our tOL M 1 
WT. WITEIi;«b, M • 
Wr. OONIMNCR M f 
W. MY Un. n^ HI • 
MDER OONIENT. «k M % 

BE6INMM6 OF TEST END OF TEST 

' 

.. REMARKS: 

MVUED 
v m u K i 

INI«./K.aa 

. 

KMCUWO 
mma. 

nNNLOML 
Mhi. 

WHaMNSE 
mm. 

ZaMlM. 

SPitMEN 
HEMHr 

a i - 2 . - I , ^ l , 
IN in. 

SHRMM 
OWL OUMQC 

INia 

, 
• 

VMDHEieHr. 
2 N - 2 H o . 

Mfei. 

voniuTn. 
2H>2H. -̂ w* 

nnawiwEMMc. 

* » 

" -̂
. 

. 

tSB 

•%S2S-- 1 
.848H^tM .mHht^a 

^ • 

• 



CONSOLIDA. £ST DA,A (CONT.) 

PROJECT. 

PROJECT NO. 

BORING NO.-

TEST LOAD_ 

DEPTH 

TESTED BY. 

CALC. BY-

CHECKED BY. 

DATE 

DATE 

DATE 

MIE TIME 
UWStD I I K . t . 

. a l n . 
• l . 
>/ a ln . 

CQWUSSIOM D I M . 
DIV. MTE TIME ELWSED I I K . t . 

• l a . y •In. 
MPKSSIOHDIM. 

0I¥. 

• 

• • • 

. .. 

• 

" 

^ 

_ 

• • 

- • 

_ , 

• • 

. H 

• • 

- • 

• i a 

• • 
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CanonieEnvironmeiiial 
ATTERBERG 
LIMITS TESTS 

PROJECT 
PROJECT No. _ 

BORING No 

SAMPLE No. _ 
SOIL DESCRIPTION 

LIQUID LIMIT 

TESTED BY 
CALC. BY _ 
CHKD B Y _ 

DATE 
DATE 
DATE 

SAMPLE DEPTH 

TARE No. 

DETERMINATION No. 

CONTAINER No. 

WT. OF CONTAINER + 
WET SOIL, gm 

WT. OF CONTAINER + 
DRY SOIL, gm 

WT. OF WATER, Ww, gm 

WT. OF CONTAINER, gm 

WT. OF DRY SOIL. Ws. gm 

WATER CONTENT, w, % 

No. OF BLOWS 

1 2 3 4 5 

PLASTIC LIMIT 

DETERMINATION No. 

CONTAINER No. 

WT. OF CONTAINER + 
WET SOIL, gm 

WT. OF CONTAINER + 
DRY SOIL, gm 

WT. OF WATER.Ww.gm 

WT. OF CONTAINER, gm 

WT. OF DRY SOIL,Wb.gm 

WATER CONTENT,w.% 

1 . 2 3 

' 

z 

o o 
Q: 

< 

FLOW CURVE 

. 

• . 

__ 

i 

• 

^^ 

' ' [Ml 
1 ! 

1 i l : 

• 1 * i ' 

::::!:::: : wzi 
U ' 

. ; . . . ! . i 1 i 

:::::;:: ifl 
:::;i:::: i:i • • U I 

±±t 

10 IS 20 25 30 35 40 50 

No. OF BLOWS 

SUMMARY OF RESULTS 
LIQUID UMIT 

PLASTIC UMIT 

PLASTICITY INDEX 

NATURAL WATER CONTENT 

uses SYMBOL 

10 30 40 M ao 70 
UQUID UMIT 

too 



CEL. PROJECT 
LABORA^ 

WAUKEGAN HARBOR 
ABILHYTESt 

mOJECTNo. 87 126 

SAMPIE I.D COMMENTS 

SAMPIE DEPTH. 

PERMEANT 

DATE 

TOTALS 

TIME 
ELAPSED 

TWE 
Jhn) 

PR:SSURE(PSO 
INFL EFTL CELL 

BURRETTE READINGS 
INFLUEMT 

No 

:::M/:-:̂ m/-:i 

i..'.....'.....v.......v..-.. 

. ' . ' . • . • . • ; ! • . • . ; ' . : : ' . ' . ' . 

EFFLUEMT 
No. 

: • : : : : : : : : ; ; : : : ; : : : : ; . : : ; : ; : : : 

•Z::\^'^l^-'-:.\-rl-

INCREMENTAL 
INFL 
(cci 

EFFL 
(CO 

CUMUUTWE 
TIME 
(hrs) 

wa 
(cci 

EFFL 

M 

AVGFLOW 
RATE 

(cose<4 

PORE 
VOLl»C 

RATIO 

K 
(CM/SEC) 

SAMPLE LENGTH (CM) 
DIAMETER (CM)~ 
AREA(CMxCM)' 

TOTAL VOLUME (CC)' 
poRosrrr 

PORE VOLUME 

SAMPIE WEIGHT JGMS» 
WET 
WET 
DRY 

WT. ot WATER 

BEFORE AFTER 

SPECIflG 
(»AVnY 

(brdeone) 
OOier 

260 
Z.6S 
2 70 
2.75 



CanonleEnviioiiiiienlal TRIAXIAL CELL 
PERMEABILITY 
COMPUTATIONS 

PROJECT 

PROJECT No. 

BORING No. _ 

SAMPLE No. . 

SAMPLE DATA 

TESTED BY 
CALC. B Y _ 
CHKD B Y _ 

DATE 

DATE 

DATE 

SAMPLE DEPTH 

L=LENGTH (cm) 

AVG. DIAMETER (cm) 

TOP AVG. (cm) 

vtID AVG. (cm) 

BOT. AVG. (cm) 

A=AREA=TTD^4 (cm2) 

'A 

VOLUME=AxL (cm^) 

BEFORE 
TEST 

AFTER 
TEST 

% 
DIFF. 

SPECIFIC GRAVITY (Ga)=. 

VOID RATIO, e = 

POROSITY, n = e /1+e 

PORE VOLUME = SAMPLE VOLUME x n 

TARE No'. 

TARE + WET SOIL (gm) 

TARE + DRY SOIL (gm) 

TARE (gm) 

DRY SOIL (gm) 

WATER (gm) 

WATER CONTENT {%) 

WET SOIL (gm) 

SOIL WET UNIT WT. I f gm/cm^) 

SOIL DRY UNIT WT. I d (gm/cm^) 

SOIL DRY UNIT WT. I d (PCF) 

SATURATION S(?S)=Mv /Vy 

BEFORE 
TEST 

.cm"' 
PERMEABILITY COMPUTATIONS 

AFTER 
TEST 

% 
DIFF. 

L = SAMPLE LENGTH 

A = CROSS-SECTIONAL AREA 

INITIAL TIME, t, 

FINAL TIME, t j 

ELAPSED TIME. AT 

VOLUME OF INFLUENT 

VOLUME OF EFFLUENT 

AVERAGE VOLUMETRIC FLOW = 

Q = AVAERAGE VOLUMETRIC FLOW RATE = V/AT (cm» / h r ) 

Q. c m V s e c = V/(AT x 3600 aec/hr) 

PRESSURE DIFFERENTIAL, AP 

... ( ib / in») ( l44 inV«»)(30.48 cm/ f t ) 
H = DIFFERENTIAL HEAD, cm = AP/Jw = ^^— — 

62.4 lb / f t ^ 
COEFFICIENT OF PERMEABIUTY = QL/AH (CONSTANT HEAD EQUATION) 

cm 

c m ' 

hr. 

hr. 

hr. 

c m ' 

cm * 

c m ' 

cm' /hr 

cm*/sec 

lb/in» 

cm 

k = cm/sec 
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Packing and Shipping Guidelines 

I. INTROOUCTION 

The Federal Regulations set forth by the Department of Transportation (OCT) for 

the packaging, labeling, and shipping of hazardous materials are extensive and 

broadly applicable. Therefore, a copy of the DOT requirements as described in 

the Code of Federal Regulations, 49 CFR 171-177, is an essential reference for 

those anticipating the need to ship samples of hazardous materials. What 

follows are generalized guidelines for compliance with OCT standards, along with 

references to the applicable sections in the Federal Register. It may be pru­

dent to check with state and local agencies for any add1tion4|l;^requ1renients or 

restrictions they may have. 

II. SAMPLE TYPES 

In selecting the proper shipping procedures, it should first be decided which of 

the two basic categories the sample; falls into: Environmental Sample or 

Hazardous Substance Sample. An additibnal need for this distinction is to pro­

vide bases for selecting health and safety precautions for the laboratory per­

sonnel receiving and hitrld[!ling the samples. 

A. Epyironmental Saiwples - These are samples of soil, water, or air 

\sul&lly collected off-site of a hazardous waste dump or chemical spill, 

and are therefore not expected to be contaminated with high con­

centrations of toxic materials. The function of "environmental sample" 

collection is usually to monitor the extent of contamination and/or the 

off-site transport of contaminated materials. If there is doubt as to 

the suitability of a sample to this classification, it should be placed 

in the Hazardous Substance category. 

B. Hazardous Substances - Samples falling into this group are known or 

expected to be contaminated at concentrations that are potentially 

harmful; Including, but not limited to, on-site samples of soil or 

water, samples from drums or bulk storage tanks, contaminated pools, 

lagoons, etc., and leachates from hazardous waste sites. 

nvironmental 



These are operational definitions Intended to aid in making decisions concerning 

sample handling and shipping. The specifics of the DOT definitions are found in 

40 CFR 261.3, and 261.4. 

III. ENVIRONMENTAL SAMPLES 

Although packaging and shipping requirements for environmental samples 

(associated with hazardous waste situations) are not as stringent as for hazar­

dous waste samples, it is recommended that the following general packing proce­

dure be utilized to ensure safe delivery and maintain sample integrity. This 

becomes especially important when samples are being transported by common 

carrier. If sufficient information is available concerning the nature of the 

sampled material, the following may be relaxed accordingly. ^\ 

SHIPPING OF ENVIRONMENTAL SAMPLES 

When a sample is shipped to the laboratory, it iitmst be packaged in a proper 

shipping container to avoid leakage and/or breakage. A cardboard box that will 

provide at least 10 cm (4 Inches) oî  tight packing around the sample container 

must be used. Acceptable packing materials include sawdust, crumpled newspaper, 

vermiculite, polyuretfilne chips, etc. Other samples that require refrigeration 

must be packed with reiiis<iible plastic packs or cans of frozen freezing gels in 

molded poljirurethane boxes with sturdy fiberboard protective case. The boxes 

must be tapld closed with masking tape or fiber plastic tape. 

All packages must be accompanied by.a sample analysis sheet and chain-of-custody 

record. Complete address of the sender and the receiving laboratory must 

legibly appear on each package. When sent by mail, register the package with 

return receipt requested. When sent by common carrier, obtain a copy of the 

bill of lading. Post office receipts and bill of lading copies may be used as 

part of the chain-of-custody documentation^ 

It should be noted that the addition of the following "hazardous" compounds as 

preservatives to environmental samples will not alter the Environmental classi­

fications provided the following criteria are met: 

nvironmental 



1. Hydrochloric acid solutions at concentrations 0.04 percent (w/w) or 
less; 

2. Mercuric chloride in water solutions at concentrations less than or 

equal to 0.004 percent (w/w); 

3. Nitric acid in water, concentrations less than or equal to 0.15 percent 

(w/w); 

4. Sulfuric acid solutions, concentrations less than or equal to 0.035 

percent (w/w); 

5. Sodium hydroxide in water, concentrations less thanitif equal to 0.080 

percent (w/w); 

6. Phosphoric acid in water, concentrations yielding a pH range between 4 

and 2. 
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8.2 CONSTANT HEAD. CONSTANT FLOW AND PACKER TESTS 

8.2.1 Background 

In this section the borehole, piezometer or pipe Into which water Is pumped 
will be called an injection well. 

This analysis applies to any pump-In test where a steady state condition 
is achieved; I.e., both Q, the In-flow, and H, the height of water in the 
injection well, become constant over time. This analysis* therefore* can 
be used for constant head tests* packer tests and constant-floM tests. 

Several analysis methods are available In the llteraturt; research by 
Schmid (1967) has shown that there Is good agreement among the range of 
formulas. For example* the variation In value of K computed may vary by a 
factor of 2 between the methods of analysis developed by Schmid and Hvortlev. 
Such a variation Is within the standard deviation of field test results* 
even from similar* carefully performed field tests using a single analysis 
inethod. 

Selected analysis methods are presented In this section. The methods cover 
both saturated and unsaturated media and a wide variety of well geometries. 

In saturated media, Hvorslev (1951) developed the basic analysis for con­
stant head tests. His assumptions are the same as. those given for vari­
able head test analyses in Section 8.1.1. The USBR (Earth Manual) analysis 
method, which is applicable for packer tests* is considered more accurate 
for tests below than above the groundwater level. Where one or more observa­
tion wells are available, Schmid (1967) has developed a solution which gives 
tne permeability oyer a larger area and Is less Influenced by local varia­
tions in the soil/rock medium. If observation well data Is available* it 
snouiQ be used in the permeability calculation. Hvorslev's* the USBR (Earth 
Manual) and Schmid's analysis methods are presented. 

Ucner analyses available in the literature Include those by Comwell (in 
Zangar, 1953), which Is similar to Hvorslev's, by Gibson* whose solution 
is modified to account fbr the compressibility of soils* and by Hvorslev 
(1951) who provides solutions for linear or sinusolduel fluctuation In base 
tjroundwater levels. ' 

Two itiethods are presented for unsaturated media; for a zone above the water 
table saturated by capillary action and for an unsaturated material over­
lying on impermeable bed (USBR,6-97). 

a.2.2. Analysis Methods 

i) Determine Steady State Conditions 
Let H • height of water in well above base of test zone 

Q « flow rate of water 
t • time 
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To determine whether the test is in Zone 1 or Zone 2* calculate: 

" • O w 
Y • 

X • 

Then enter Figure 8-4 with X and Y to determine the Zone. 

iv) Determine the constant head H^ for calculations. 
Zone 1: H Q - H 

zone 2: Hg - <" * °M> | *̂̂  " ^> 

Zone 3: H Q • H • Hy 

v) To compute the shape factor F for a given test well geometry and test 
zone In constant head tests using data only from the test well* r%f t r 
to Figures 8-5 through 8-9 for the USBR G-97 method* to Figure 8-10 
for the USBR Earth Manual method (packer test only)* or te Figure 8-11 
for Hvorslev's method. Figures 8-5 through 8-7 require supplemental 
reference to Figures 8-8 or 8-9, which contain graphs for the determina' 
tion of conductivity coefficients under saturated and unsaturated con­
ditions, respectively. For the single curve contelned In Figure 8-8* 
an equivalent equation Is presented for the Investigator's convenience. 
However, Figure 8-9 contains a family of curves, thereby precluding a 
simplified analytic representation. Note that the USBR G-97 method for 
unsaturated conditions is limited in depth of application as a result 
cf the limited range of conductivity coefficients presented In Figure 
3-9. With regard to the USBR Earth Manual method* the formula is con­
sidered to be more accurate for tests below the groundwater table than 
above It. When using Hvorslev's method for anisotropic soils and rock, 
the engineer must estimate m "^Kh/Ky. If the well is packed with 
gravel* the engineer must also estimate n « K'y/Ky, where: 

Ky > the estimated vertical permeability of the rock o r soil mass. 
K^ - the estimated horizontal permeability of the rock or soil mass. 

K'y « the vertical permeability of the gravel filter In the well 

(probably at least 10"* cm/sec). 

The values of m and n enter into the computation of the shape factor F 
in Figure 8-11. 
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Partly Cased Well 

With, Slotted Test Section 

Analysis is 
valid for : Zone 3 

Q ^ " ^ ^ 

2fLr,;rrJ<°-^ "» 

• H, Gwr 

HL 1 ! H 

impermeabU 
t t a Stratum 

H. • H - H c w 

P ' C,*r. • 4r s e w 

where 

r » ( open slotted 
area)»r^ 

Values of C^ are given 

In Figure 8-8. or can 

be approximated from: 

i\«.73 

e 
.30(J.)^ 

Unlined Test Section With 

Single Packer 

Analysis Is 
valid for : Zone 3 

L^lOr,, 

2iL?7fr7*0-»^P» 

'1"*3 
Elev. P**^! I 

pump 

T; 
elev L 

> ±. 

WT 
packer 

Tk''w 
^ Impermeable 

f a Stratum 

b 

"c " " - «w 

" - "elev * V m p - \ 
where ii, ' head loss 

due to friction in 

drill rods. 

H^ - fct (L^. rp) and 
H^ may be c....:̂ utdd based 

on calibrriclon curves 

F - (C, + 4).r^ 

Values of C^ are given 

in Figure B-U', or can 

be approximated from: 

no.7j C. . S.30(.L)' 
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Unlined Test Section With 

Two Packers 

Analysis Is 
valid for : Zone 3 

Q '•̂ ^̂ ''w 

packer 

^ Impenaeeble 
^ ttratuw 

K • 

H 

'c 
•H. 

" • "elev • "pump ' \ 

where H, > head loss 

due to friction in 

drill rods. 

H^ - fct (Lp. r^) and 

H, may be computed based 

on calibration curves 

F " C • r ''s w 

Values of C^ are given 

In Figure 8-8* or can 

be approximated from: 

^\0.7J 

ŵ-c. • *.»(^)' 

figure 8-7 USBR ANALYSIS METHOD FOR CONSTANT HEAD 
TEST - ZONE 3 (BELOW WATER TABLE) 

(efter USM^ 6-97) 
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HEALTH AND SAFETY PLAN 
PRE-DESIGN PHASE 

WAUKEGAN HARBOR SITE 
WAUKEGAN, ILLINOIS 

1.0 INTRODUCTION 

The health and safety plan addresses the procedural requirements to protect 

workers during the pre-design field exploration activities at the Waukegan 

Harbor job site (Site). The specific activities are described in the Work 

Plan. The action involves the Installation of borings, piezometers, 

borehole logging, test pit excavation, well development, site s,yrveying, 

and the collection of samples of ground water, soil, harbor sld^ments, and 

recovery of water that has contacted the sediments. This document 

describes specific safety procedures which will be utilized for all on-site 

personnel involved in the pre-design field acti%ties, including drilling 

and excavation subcontractors. The plan will be implemented in accordance 

with the OSHA Safety and Health Regulations for Construction, 29 CFR 1926 

and OSHA Standards for Hazardous Wa^e'Operations and Emergency Response 

(Interim Final OSHA Rule - December 19, 1986), 29 CFR 1910.120. 

The plan presents a realistic approach to the anticipated hazards at the 

Site, howeyer, site conditions may vary through the duration of the pro­

ject. As acliial site conditions change, parts of the plan may be revised 

if site conditions warrant. All changes in health and safety measures 

specified must be approved by the corporate health and safety officer. 

Canonie's corporate health and safety officer is Ms. Irene Fanelli. 

All information presented in this plan will be presented and available to 

all on-site employees and subcontractors. A copy of this plan will be 

available at all times on the Site. 

The Canonie site health and safety officer for Phase I, pre-design field 

exploration activities, will be Mr. Kevin Brissette. Alternate Canonie 

health and safety officers are Mr. Peter Romzick or Mr. Mitch Obradovic. 
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The site health and safety officer has the authority and responsibility to 

implement a11 aspects of this plan, including termination of all field 

activities to resolve health and safety issues. The site health and safety 

officer is responsible for updating this plan with approval from a 

corporate health and safety officer, as conditions warrant. The project 

manager has the overall responsibility for the project including health and 

safety. The project manager remains unchosen at this time. 

, • 
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2.0 SITE CONTROL 

The Site will be divided into an exclusion zone, decontamination zone, and 
support zone. The zones are defined as follows: 

Exclusion Zone - The exclusion zone will be the area within a 50-foot 
radius of any drilling, test pit, or sampling activities. 

Decontamination Zone - A decontamination zone will be located within 
each of the three containment areas. Figure 1. Because Jt̂ e soil 
samples are not taken for purposes of chemical analysis, dlpontamina­
tion will occur only at completion of work in a proposed containment 
area. 

Support Zone - The support zone Is considered to be the areas sur­
rounding the exclusion zone anf $Jhe decontamination zone. 

Only authorized personnel will be allowed to enter the decontamination and 
exclusion zones. Such'firitry will be limited to personnel who have demon­
strated compliance with the medical and training requirements for the Site, 
and who b^ve,the required level of protective equipment. 

P 
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3.0 HAZARDS ANALYSIS 

Outboard Marine Corporation (OMC) used hydraulic oil that contained 

polychlorinated biphenyls (PCBs). The PCBs are the only hazardous consti­

tuent of the oil. 

The work activities associated with the exploration program present poten­

tial physical and chemical hazards to the workers involved. In all 

instances, precautionary measures will be implemented to minimize those 

risks. 

3.1 Physical Hazards 

As on all construction sites, there is a recognised potential for personal 

injury due to "struck by/against" accidents. Personal protective equipment 

will be required to guard against ĥ 4»<iy foot, and eye injuries. 

Test pits will not be .^xeavated to depths exceeding five feet without 

sloping the sides of the Excavation to a slope of 1:1 or more or providing 

shoring in the test pit. Each test pit will be immediately backfilled and 

compactedlupiiJiin completion. 

Soil borings will not be drilled within 15 feet of any overhead power lines 

or any underground utilities, 29 CFR 1926.550(a)(15). All known power 

lines and underground utilities are shown on Figure 1. The exact location 

of overhead and underground utilities will be determined by contacting the 

appropriate utilities prior to drilling or digging. 

A potential for elevated noise exposure exists during the drilling opera­

tion. This hazard will be controlled through the use of hearing protection 

such as ear plugs and/or ear muffs as directed by the health and safety 

officer. 

nvironmental 
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It is not anticipated that heat stress will be a major consideration during 

the duration of the pre-design program. The scheduled length of the 

exploration is eight weeks. Exposure to cold and wet conditions is 

possible during site activities. All personnel will be made aware of the 

hazard and advised to wear warm clothing and rain suits. Rain gear will be 

available for use on-site. 

All personnel working over or near water, where the danger of drowning 

exists, shall comply with U.S. Coast Guard or other safety regulations as 

may be applicable. 

3.2 Chemical Hazards 

Based on previous sampling programs, the contamiriant of concern at the site 

is PCBs. PCBs are an oily liquid that have adhei^d to the sands and 

sediments at the site. PCBs have a low volatility and therefore the 

primary exposure is from airborne dii$t.,. Airborne PCBs can be irritating to 

the eyes, nose, and throat. PCBs cah also be absorbed through the skin, 

and can accumulate In jbhe liver and in fatty tissues. PCBs are listed as a 

toxic substance in the tpklc Substance Control Act. Personal exposures to 

PCBs will be controlled through the use of personal protective equipment as 

describedi;in ̂ Section 4.0. 
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4.0 PERSONAL PROTECTIVE EQUIPMENT 

Personal protective equipment will be provided for use by on-site person­

nel. Modified Level 0 protection will be required as a minimum for all on-

site personnel . Air monitoring levels in excess of the action levels 

specified, in Section 8.1, will result in Level C protection being 

required. All safety equipment will be NIOSH, MSHA approved or in 

accordance with 29CFR 1910.134. 

The specifics for modified Level D protection are as fol1ows:jC" 

1. Hardhat; 

2. Neoprene steel-toe boots or work bootsj 

3. Rubber gloves; 

4. Safety glasses; 

5. Hearing protection, as reqiilir̂ d based on OSHA regulations; 

6. Polycoated Tyvek coveralls;^ 

7. Flotation vests for work from barges. 

In the event the action level is exceeded, it may be necessary to upgrade 

the persofifTo.protective equipment to Level C. 

The specifics for Level C are as follows: 

1. Modified Level D protection; 

2. PVC rain gear for personnel handling sampling equipment; 

3. Dust masks; 

Level B protection is not expected to be necessary during the exploration 

program. If the site hazards exceed the protection afforded by Level C, 

work activities will cease while measures are taken to reduce the specific 

hazards. 

nvironmental 
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The designated site health and safety officer will be responsible for 

determining the appropriate level of protection and may designate more 

stringent levels than those described, where site conditions warrant such 

action. The designated site health and safety officer will not reduce 

protection requirements as defined herein, unless granted approval by the 

corporate health and safety officer. 

( 
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5.0 MEDICAL SURVEILLANCE 

A medical surveillance program provides a means of selection of employees 

who are physically able to safely perform the work assigned and monitoring 

their health on a regular basis. 

The program consists of a pre-employment evaluation to determine fitness 

for the job assignment, annual evaluation based on length of assignment, 

and an end of employment evaluation. In addition, a special evaluation is 

warranted upon notification by the employee that he/she has developed signs 

or symptoms indicating possible exposure to hazardous substance|> 

Medical monitoring will be implemented for all .^Ite personnel. All staff 

personnel included in an annual medical monitoring program will have had an 

examination which includes: 

1. Medical history; 

2. Physical examination; 

3. Pulmonary function test; 

4. Resting EKG; 

5. :|ff1f||alysis, including microscopic morphology and dipstick; 

6. sW4n frequency audiogram; 

7. Complete blood count with platelets and differential; 

8. SMAC blood chemistry screen; 

All personnel employed specifically for the exploration activities and not 

on an annual program will receive a pre-employment examination. The pre-

employment examination will include: 
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1. Complete medical history; 
2 . Physical examination; 
3. Pulmonary function test; 
4. Resting EKG; 
5. Seven frequency audiogram; 
6. Urinalysis, including microscopic morphology and dipstick; 
7. Complete blood count with platelets and differential; 
8. SMAC blood chemistry screen. 
9. Chest x-ray: 14-inch by 17-inch posterior/anterior; 

10. Lumbar sacral x-ray, two views; 
11. Blood 1evel PCBs. 

nvironmental 
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6.0 EMPLOYEE TRAINING 

All personnel on-site will have training and/or prior experience which 

meets the requirements of 29 CFR 1910.120. The Canonie corporate health 

and safety training program includes a 40-hour course and an annual 8-hour 

update training. All technical field personnel are included in the train­

ing program. The corporate training program includes the following areas: 

1. Chemical hazards; 

2. Physical hazards; 

3. Toxicology and permissible exposure limits; 

4. Personal protective equipment and protection levels; 

5. Respiratory protection (29 CFR 1910.134)i 

6. Air monitoring; 

7. Confined spaces; 

8. Corporate policies and sit^. management; 

9. Supervision of health and safety; 

10. Site control i,/ ; 

11. Health and safety plans; 

12. Medical monitoring and treatment of injuries; 

13. ^SHAt compliance; 

14. P|r^onnel training; 

15. Decontamination; 

16. Practical exercises; 

17. Case histories; 

18. Drum handling; 

19. Hazardous materials sampling. 

nvironmental 
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All on-site personnel will receive site-specific training which Includes: 

1. Site chemical hazards (including acute and chronic effects); 

2. Site control and decontamination; 

3. Emergency procedures; 

4. Protection levels and equipment; 

5. Proper use and maintenance of protective equipment. 

All regulatory personnel and visitors needing access to the exclusion zone 

will be expected to demonstrate compliance with these training require­

ments. 

Site safety meetings will be held to apprise personnel of specific hazards, 

air monitoring results, changes in the Health arid Safety Plan, or other 

topics determined by the corporate health and salety officer. These meet­

ings will be scheduled at the discrcition of the health and safety officer, 

but will be held at the initiation 6.f field exploration, at the time of any 

crew or subcontractor crew changes, aind at least monthly thereafter if 

exploration activities continue for more than a one-month period. 
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7.0 DECONTAMINATION PROCEDURES 

All drilling and sampling equipment leaving a containment cell will be 

steam cleaned within the proposed boundaries of the containment cell. The 

proposed limits of the containment cells are shown on Figure 1. Steam 

cleaning will be used to remove mud, dirt, and other potential contamina­

tion. The equipment will be inspected after cleaning to verify removal of 

contaminated materials. As a minimum, the personnel performing the steam 

cleaning will wear rubber boots, gloves, and a rain suit. 

All personnel exiting the exclusion zone will follow decontamination 

procedures at the interface of the exclusion and support zones. The per­

sonnel decontamination procedures will be: 

1. At the end of each day, all rubber boots, rubber gloves, and rain 

suits will be cleaned with|sb<tpy water and long-handled brushes 

then rinsed with clean wate'f. The boots and gloves will then be 

stored in plastic bags or as directed by the health and safety 

officer. 

2. Aiiidisposable protective clothing will be removed and placed in 

plastic bags. 

3. The rubber boots, rubber gloves, and rain suits will be inspected 

for holes or other defects that compromise the integrity of the 

equipment. If such a defect is found, the article will be dis­

carded in the same manner as disposable protective clothing. 

P 
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8.0 AIR MONITORING 

The vapor pressure of PCBs indicates that there is little possibility of 

volatilization from exposed soils. However, a portable organic vapor 

analyzer (OVA) will be available on-site and will be used in a monitor mode 

to record the volatile organic vapor level during the site work. 

The driller, driller's helper, and field engineer will wear personal sam­

plers during the first day of drilling along either the East Containment 

Cell slurry wall alignment or the Crescent Ditch - Oval LagoonliiWest Con­

tainment Cell) slurry wall alignment. The samples will be analyzed to 

verify that workers are not exposed to any levels of PCBs above the action 

limits. All personal monitoring will be conducted in accordance with NIOSH 

Method 5503 and analyzed by an AIHA accredited liiboratory. 

8.1 Work Area Action Levels 

8.1.1 PCBs 

If the results of the personal monitoring indicate the airborne presence of 

3 

PCBs in ci^hC^ntrations In excess of 1 mg/m , the threshold limit value-time 

weighted average (TLV-TWA), site activities will cease while operations are 

evaluated for options to reduce personnel exposures to within the personal 

exposure limit (PEL). Even if PCB exposure is not at levels of concern, 

the health and safety officer may designate the use of dust masks in 

combination with dust control. 

8.1.2 Volatile Organic Compounds 

If OVA measurements reach 10 ppm Time Weighted Average (TWA) above 

background for 5 minutes or exceeds instantaneous levels of 100 ppm in the 

nvironmental 
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breathing zone, employee protection will be upgraded to Level C with use of 
a half-face respirator with carbon cartridges. 

If OVA measurements reach 25 ppm TWA above background for 5 minutes, in the 
breathing zone, employee protection will be upgraded to Level C with the 
use of a full-face respirator. 

If OVA measurements reach 100 ppm TWA above background for 5 minutes, in 
the breathing zone, work activities will cease until airborne hydrocarbon 
levels can be reduced to less than 25 ppm TWA. 

i 
CaiiosaieEnvironmental 



/ 

Section: 9.0 
Revision No.: 
Date: August 4, 1988 
Page: 15 

9.0 EMERGENCY PROCEDURES 

Local treatment facilities will be designated prior to implementation of 

on-site activities. Travel routes will also be designated. At least one 

person on-site or immediately available will have first aid and CPR 

certification. 

Emergency phone numbers and contacts are: 

Police 623-2131 

F1re ^fi2121 

Victory Memorial Hospital 360i3000 

St. Therese Medical Center 249-3900 

Poison Control Center (at St. Therese Medical Geriiter) 360-2470 

Canonie Corporate Emergency Contacts: 

Canonie Office 

Timothy Harrington - Project Manager 

Irene Fanelli - Corporate Health and Safety 

Susan Walker - Corporate Health and Safety 

A first aiid kit will be located in the support zone, 

219/926-8651 

219/926-8651 

415/347-9205 

303/367-4469 

All injured employees will go through decontamination prior to leaving the 

site for medical treatment, if possible. If decontamination procedures may 

be expected to further injure or delay critical treatment of the employee, 

the employee will be transported without decontamination. Medical response 

personnel will be made aware of the need for decontamination, If necessary. 

On-site emergencies are expected to be within the capabilities of on-site 

personnel. In the event of a fire, accident, or injury, work activities 

will cease while the emergency is brought under control. Minor injuries to 

( 
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on-site personnel will be treated on-site or at the local facility desig­
nated for the Site. In the event of a major injury or where extensive 
movement of the worker may cause further injury, local emergency medical 
personnel will be contacted. If the worker can be moved out of the exclu­
sion zone safely, efforts will be made to do so. If not, emergency person­
nel will be admitted to assist the employee. Emergency personnel will be 
provided with polycoated Tyvek coveralls, disposable boots, and gloves if 
contact with PCBs is likely in responding to the emergency. 

Any emergency vehicles entering the exclusion zone are expected to encoun­
ter only minimal contamination since site activities will havH'yeased in 
order to tend to the emergency. As such, decontamination should not be a 
concern for emergency vehicles, but will be considered on a case-by-case 
basis. The immediate life and health of the injured personnel is con­
sidered to be of utmost importance in comparison 'to decontamination of an 
emergency vehicle, since contamination is expected to pose a negligible 
risk to the public at large. 

environmental 
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10.0 RECORD KEEPING 

( 

The record keeping program will consist of the following documents contain­
ing the information described: 

1. Training/safety meeting record: This record will include the 
date, topics covered, persons attending, and the signature of the 
person holding the meeting or training session. 

2. OSHA 200: This record contains the required information for 
recording on-site injuries and illnesses. This record;'ls gene­
rated by the corporate health and safety staff, and a copy is 
maintained on-site. 

3. Medical records: Employee medical records are maintained by the 
examining physician, and ci^ples are kept at the Canonie corporate 
office. No medical records are maintained on-site. 

4. Chain-of-custdlyt This record is maintained for all soil/water/ 
air samples collected for chemical analysis. This record contains 

ith6|name of all individuals who handle a sample, the sample iden­

tification, analysis requested, and sample destination. 

Copies of the forms used for recording training/safety meetings, chain-of-
custody form, and the OSHA 200 form are presented in Appendix A to this 
pi an. 

I 
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11.0 SITE. OPERATING PROCEDURES 

11.1 General Site Health and Safety and Work Rules 

1. No drinking, gambling, or illegal drugs will be allowed on-site. 

Anyone reporting to work under the influence of alcohol and/or 

illegal drugs shall be subjected to disciplinary action. Any 

employee under a physician's care and/or taking prescribed nar­

cotics must notify the designated site health and safety officer. 

2. Personal protective equipment is required in designate^>areas. 

Such equipment may include, but is not limited to, respiratory 

protection, earplugs, hardhat, rain suitis, boots, gloves, poly­

coated Tyvek coveralls, and safety glasles. 

3. Eating, drinking, smoking,la^d chewing gum or tobacco are not 

allowed inside the excluslbiri area. 

4. Changes in work practices or work rules shall be implemented only 

after approval by the project manager and the designated site 

fiealth and safety officer. 

5. Construction equipment always has the right-of-way over regular 

vehicles. 

6. All employees must clean up at the end of their shift before 

leaving the site. 

7. All protective clothing required will be supplied by the desig­

nated site health and safety officer. None of this equipment will 

be permitted to leave the site until the completion of the pro­

ject. 

nvironmental 
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8. Employees are responsible to clean and maintain the protective 

equipment issued to them. Any noted defects in the equipment 

shall immediately be reported to the designated site health and 

safety officer. 

9. Employees shall listen for warning signals on construction equip­

ment and shall yield to construction equipment. 

10. All equipment operators shall pay deliberate attention to watching 

for workers on the ground who may be in their path and provide 

warning to these people before moving. 

11. All workers shall follow emergency procedures explicitly. 

11.2 Conditions of Employment 

1. All prospective employees ||iis.t pass a pre-employment physical. 

Failure to submit to, or paiss any exam will be grounds for dis­

charge. 

2. All employees must participate in the air quality exposure moni-

'itor̂ ng program by wearing the personal monitors or sampling 

(ievices, if required and specified by the site health and safety 

officer. Any employee refusing to participate In the program, or 

who tampers with a sample, will be subject to disciplinary action. 

3. All employees must complete a required training program prior to 

starting work. 

4. All employees are required to use the personal protection speci­

fied for their work. This may include, but is not limited to, a 

dust mask, rain suit, gloves, boots, hardhat, hearing protection, 

polycoated Tyvek coveralls, and safety glasses. 

^ 
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All employees must abide by all safety rules and procedures as 
described In the work rules and/or developed throughout the pro­
ject. 

No smoking shall be allowed within 50 feet of drilling or test pit 
excavation operation. Failure to abide by this requirement shall 
be grounds for discharge. 

( 
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CANONIE ENVIRONMENTAL SERVICES CORP. 
SITE SAFETY MEETING/TRAINING SESSION LOG 
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DRAFT 
OPERATION AND MAINTENANCE PLAN 

WAUKEGAN HARBOR SITE 
WAUKEGAN, ILLINOIS 

1.0 INTRODUCTION 

This document constitutes the Operation and Maintenance (O&M) Plan for the 
Waukegan Harbor Site (Site). 

When the remedial activities at the Site are complete, three separate soil-
bentonite wall-enclosed containment cells with covers, groundi^^ter extrac­
tion wells, ground water piezometers, ground water monitoring wblls, and a 
water treatment facility will be operated and maintained. The three con­
tainment cells are shown on Figure 1 and are designated as the Slip No. 3 
Containment Cell, West Containment Cell, and East Containment Cell. The 
containment cells will encompass areas of 1.5 acres, 3.4 acres, and 
5.5 acres, respectively, and will bi? covered with a combination of bitumi­
nous concrete and vegetative coversf Table 1 summarizes the composition of 
each cell cover. GrauTid water extraction wells in each containment cell 
will provide an inward ijbydraulic gradient by maintaining the water level 
within the cell at a lower hydraulic level than the natural ground water 
level outside the cell. Piezometers within each cell will be paired with a 
ground water monitoring well outside the cell. The monitoring well/piezo­
meter pairs will be used to monitor the hydraulic gradient across each 
containment cell boundary. The ground water monitoring wells will also be 
used for obtaining samples of the ground water immediately outside of each 
containment cell soil-bentonite wall. The ground water treatment facility 
will treat the ground water extracted from each containment cell prior to 
discharge into Lake Michigan. 

The operation and maintenance of the water extraction and treatment system, 
containment cell caps, and ground water monitoring system will continue for 

[ the period provided by Section V.D.9 of the Consent Decree. The program 
will Include a regular Inspection and monitoring schedule as described in 

I the following section. An indication of PCBs in the monitoring well system 
will be assessed under the compliance procedures in Section 4.0, and if the 
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results Indicate the soil-bentonite wall is failing to operate as designed, 
the wall will be repaired subject to approval of the United States Environ­
mental Protection Agency (U.S. EPA). The operation and maintenance program 
is subject to modification pursuant to Section V.D.9 of the Consent Decree. 
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2.0 MAINTENANCE OF FINAL COVER AND INSPECTION 

The top surface of the final cap will consist of either bituminous concrete 

or top soil overlying a synthetic drainage layer and an HOPE synthetic 

liner. The top surface of the cap will be inspected in accordance with the 

following schedules, and repairs will be completed as soon as practical, 

weather conditions permitting, after discovery of need for repair. Inspec­

tions will provide a regular documented method of insuring the integrity of 

the protective cover. 

2.1 Inspection Schedule 

( 

If a bituminous concrete cover is installed, iCwill be inspected each 

spring during the post-closure care period. Craicks will be sealed with 

asphalt sealer. Potholes or other.deterioration of the asphalt surface 

will be repaired using procedures r^Qmmended by the Asphalt Institute in 

MS-16 (Asphalt Pavement Maintenance, 1967). 

If a vegetation and to^sbil cover is installed, it will be mowed twice per 

growing season and fertilized annually in the spring of each year during 

the post\cl6sure care period. In addition, the vegetative cover will be 

inspected fevery three months during the first two years after completion of 

closure, semi-annually for the next two years and each spring during the 

remainder of the 30-year post-closure care period. 

Any gullies or washes in the top soil cover will be backfilled, compacted, 

reseeded, and mulched with straw. Any areas of dead vegetation will be 

similarly treated. Lined or riprapped drains will be installed if persist­

ant erosion recurs in the same location. 

( 
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If it Is necessary to excavate into the containment cell or if damage 
otherwise occurs to the drainage layer or synthetic liner, the following 
repair procedures will be followed. 

1. The synthetic surface will be exposed and inspected for signs of 
physical damage (punctures, slits, or tears). This may require 
cutting and removing or rolling back the synthetic drainage 
materials. 

2. The liner will be exposed at least 12 Inches in all directions 
from the damaged area. 

3. In the case of a puncture, the damaged area will be repaired by 
the application of extruded material or a glued patch. 

4. For a tear, slit, or large puncture, the flaw will be overlain by 
a panel of the same materitfl which will be bonded to the existing 
liner by an extrudate weld or by glueing. 

5. The extrudate weld or glued seam will be checked using a vacuum 
box. 

6. the synthetic filter or drainage layer will be replaced and 
fastened in place to the existing drainage layer. 

nvironmental 
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3.0 GROUND WATER MONITORING 

At least 12 ground water monitoring wells will be sampled and analyzed for 

PCBs on a quarterly basis for the first two years and semi-annually for the 

remainder of the post-closure period. Analysis for PCBs will be by gas 

chromatograph U.S. EPA Method 608. 

The ground water monitoring wells will be installed after completion of the 

soil-bentonite slurry wall at each containment. The wells will be labeled 

with permanent weatherproof designations. Background analysi^CWill be 

established by the first four quarterly seasonal samplings occuif̂ ring after 

well Installation. 

Ground water sampling will be completed as follows: 

1. The water level in the welll iMlll be measured and recorded using an 

electric tape. 

2. The electric 

wells. 

lape will be rinsed with deionized water between 

A sampling pump will be used to evacuate at least three well 

volumes of water. The purge water will be discharged on the 

ground surface unless previous sampling indicated PCB levels of 

more than 0.010 ppm. Water which cannot be discharged on the 

ground will be recharged into the containment extraction wells. 

A pre-cleaned one liter glass bottle will be filled with water, 

sealed, and transported to a laboratory which meets the quality 

assurance standards for U.S. EPA Method 608. 

( 
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5. The recharge rate of the well will be recorded for up to one hour. 

The record keeping and chain-of-custody requirements for the sampling 
program are in Appendix A. 

The ground water elevations in each of the piezometer/ground water monitor­
ing well pairs will be measured quarterly and recorded on the ground water 
elevation monitoring log. Table A-3. The measurements will be used to 
control the extraction well pumps so that a hydraulic gradient differential 
is maintained across the containment cell soil-bentonite wall. The fre­
quency of measuring and recording will be reduced, as approved^' if the rate 
of change in water elevations is less than an average of six inches per 
month. 

The ground water monitoring wells will be sounded annually to determine if 
the well is open. Sounding will be completed with a string and steel 
weight. The weight will be washed with distilled water between wells and 
the string will be discarded. 

Ground water protection monitoring, compliance monitoring, and corrective 

action programs will be completed as follows: 

1. Hiazardous Constituents - Ground water monitoring will be for PCBs 
and chlorinated organics per 40 CFR 761.75. The only other ground 
water monitoring will be monitoring for pH, conductivity, and 
temperature completed during the purging of the monitoring wells. 
If the B.E.S.T. solvent extraction process Is used for treating 
soils, the monitoring program for the West Containment monitoring 
wells shall include triethyl amine. 

2. Point of Compliance - The compliance boundary will be a vertical 
plane located approximately 20 feet from the soil-bentonite walls 
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enclosing each in-place containment. The boundary may be closer 
or farther from the wall in certain locations to account fpr 
proximity to structures or other obstructions. Each monitoring 
well located on the compliance boundary will be paired With a 
piezometer installed approximately 5 feet Inside the soil-
bentonite waill so that the differential water level across the 
soil-bentonite wall may be determined. 

Compliance Period - The operation and maintenance program will 
proceed as provided in Section V.D.9 in the Consent Decree and 
shall be modified or terminated in accordance with t%t section. 

Detection Monitoring - Water samples will be analyzed for PCBs by 
U.S. EPA Method 608 during detection iî hi tor ing. The detection 
limit will be 1 ppb. Reported values lor PCBs of 1 ppb to 5 ppb 
above, background will be noted for reassessment at the next moni­
toring event. PCBs results of more than 5 ppb above background 
will be verified by resampling and analysis within two weeks of 
receiving thî  laboratory results. A second result greater than 
5 ppb above bike leg round will shift the ground water monitoring 
program into a compliance monitoring mode. 

if the detection monitoring results indicate that the PCB level is 
consistently above the background level by less than 5 ppb and 
shows a continued increase at a rate of 1 ppb/quarter or more for 
three consecutive quarters, then the ground water monitoring 
program will move into compliance monitoring. 

The U.S. EPA will be provided written notification of a shift to 
compliance monitoring and a plan for the compliance monitorinig 
within four weeks of confirmation that compliance monitoring is 
required. If the detection monitoring change in PCB level is 

( 
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greater than 10 ppb, then the U.S. EPA shall be notified by phone 
within 24 hours of confirmation of the detection monitoring 
results. 

Compliance Monitoring - Compliance monitoring will be completed 
through the installation of additional monitoring wellpoints along 
the compliance boundary and may Include monitoring points beyond 
the compliance boundary, if applicable. The locations and 
construction details for the additional ground water monitoring 
points will be submitted to the U.S. EPA for approval prior to 
implementation of compliance monitoring. The results:pf the 
compliance monitoring program will be used to determiniei if PCBs 
are migrating from the in-place containment area and will be used 
to assess the location from which the :|CBs are emanating. 

Corrective Action Program r The corrective action program may 
include repair of the soil|b^ntonite wall by re-excavation and 
reinstallation, drilling and grouting, vibratory beam grouting, or 
other repair^jiethods. The details of the proposed corrective 
action including the quality control and assurance procedures and 
the monitoring procedures required to verify the corrective action 
:i(«iil be submitted to the U.S. EPA for approval prior to 
implementation. In the event that a delay in implementing the 
corrective action may result In an Imminent release threatening 
public health and safety, the corrective action will be 
Implemented Immediately without seeking the approval of the U.S. 
EPA. 

Corrective Action will begin within 60 days of receiving U.S. EPA 

approval for corrective action. 

nvironmental 
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The U.S. EPA will have access to observe the regular sampling and to obtain 
split samples during regular well sampling. The U.S. EPA will have access 
at other times if first pre-arranged with owner by written request, and if 
owner is allowed to observe and enforce compliance with proper sampling and 
to obtain split samples. 

3.1 Monitoring Well Maintenance 

The elevation of the reference point on each monitoring well will be resur-
veyed at least once every five years. The top elevation will also be 
resurveyed if modifications are made to the well or if the weli is inad­
vertently damaged. 

I 

A well which becomes filled with sediment as measured by soundings or has 
poor hydraulic performance will be cleaned by fliiiishing with potable water. 
Sampling will not occur for at lea^t one month after flushing of the well. 
If the well continues to perform pdOr^ly, the well will be replaced by 
installing a new well within 25 feet of the existing well and by decommis­
sioning the former we|1|1n accordance with Illinois Administrative Code, 
Chapter I, Part 920.120, "Abandoned Wells". 

( 
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4.0 GROUND WATER EXTRACTION, TREATMENT, AND DISCHARGE 

Ground water will be extracted from each containment cell at a rate which 
maintains an inward hydraulic gradient across the soil-bentonite wall. 
Average daily flow will be approximately 500 gallons per day and will 
likely be pumped and processed by intermittent pumping from the extraction 
wells. 

The pumps will be inspected annually to insure that all high and low set 
points are operable and that the pump is in running conditioitii^'If pumping 
the well does not reduce the water level in the containment, tlvb pump will 
be removed and the well screen cleaned with hydrogen peroxide or another 
oxidizer. 

Extracted ground water will be processed through the long-term water 
treatment facility. The long-term iwit*'' treatment facility will be a 
cartridge filter and two carbon adsorption treatment containers connected 
in series. If the system is running, a sample will be taken monthly 
pursuant to Appendix B;; it a sampling point between the two carbon units. 
The first carbon container will be replaced, in the manner discussed below, 
when th^yPCB level between the carbon contactors exceeds 0.001 ppm for 
three consecutive sampling dates, as described In the Work Plan. 

If the pump and treatment system is run on an intermittent basis, the 
treatment system will be hydraulically tested before start-up with either 
lake water or potable water. The test will consist of pumping water 
through the treatment system at the same pumping rate as occurs during 
dewatering. The pressure drops through the system will be assessed to 
determine if the treatment equipment is ready for water treatment. 

nvironmental 
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If the system is run on an infrequent basis, at least one water sample will 
be collected between the two carbon canisters at both the start and end of 
the operation. 

Carbon replacement will occur by switching the lead-lag sequence. The 
backup carbon contactor will be placed first in line, and a new carbon 
canister will be placed in the second or lag position. The exhausted 
carbon will be containerized, manifested, and transported for appropriate 
disposal, in accordance with federal, state, and local regulations. 

The treatment system will be located within a secondary conta.1i||iinent area 
With a detection sump. If water spills from the carbon canisteH or the 
connecting piping, a high level alarm in the detection sump will cut off 
electrical power to all extraction well pumps ahcl will provide an alarm 
sign to a designated operator or guard. 

Treated ground water will be discharged to Lake Michigan immediately after 
treatment at an approved location or to the North Shore Sanitary District. 

nvironmental 
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5.0 REPORTING 

Monitoring resuUs from the ground water monitoring wells and the extrac­
tion well treatment system will be submitted to the U.S. EPA on a quarterly 
basis for the first two years and a semi-annual basis thereafteri The 
results of cover inspections, extraction well maintenance, and treatment 
system maintenance will be included with the reports on a yearly basis. 

Reports will be issued within 45 days of receipt of each ground water 
monitoring test result. Reports on the operation of the wat#i:.treatment 
system will be Issued on a semi-annual basis. The discharge lililts in the 
water treatment reports will be certified by a corporate officer or his 
approved designee. 

( 



TABLE 1 

CONTAINMENT CELL COVER COMPOSITIONS 

Containment Cell 

Slip No. 3 

West 

East 

Bituminous Concrete Vegetation 
Acres Acres 

To be determined during final design 

-

Total Area 
Acres 

1.5 

3.4 

$.5 

Note: All surface area values are approximate. 

10.4 
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APPENDIX A 

RECORD KEEPING REQUIREMENTS 

1.0 GROUND WATER MONITORING 

The ground water monitoring record keeping forms are found in Tables A-1 

through A-3. Table A-1, Field Sample Data, and Table A-2, Well Development 

Log, are used concurrently for recording pertinent information during the 

purging and sampling of a monitoring well. Table A-3, Ground Water Eleva­

tion Monitoring Log, is used for recording ground water level information 

of the monitoring well/piezometer pairs. 

1.1 Well Purging and Sampling 

Immediately prior to purging each well, the deptih from top of well casing 

to top of water surface and to bottom of well will be determined to the 

nearest 0.05 foot and recorded as a portion of the well sample data (see 

Tables A-1 and A-2). Jetting meth(idis will not be used for purging the 

monitor wells. The method for purging and sampling of the monitoring wells 

is with dedicated submersible bladder-type pumps providing a uniform rate 

of discharge. Teflon tubing will be used for intake/discharge lines as 

required for sample pump operation. All monitoring wells will be capped 

and locked to prevent unauthorized access to the well and the possible 

contamination of the well between sampling episodes. 

Monitoring wells will be purged by removing at least three well volumes 

determined as the total depth of the well minus the depth to the water 

surface times the area of the well. 

At each well to be sampled, purged waters will be monitored during purge 

for temperature, pH, and conductivity as a function of time (see 

Table A-2). This data will be accurately recorded such that the variation 

of parameters may be related to elapsed purging time. These relationships 

along with sample data from selected purge evaluation wells will be used to 

establish specific purging volumes for each well. Purging methods. 

nvironmental 
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volumes, times, and any other pertinent information will be recorded and 
reported by the sampling team (see Tables A-1 and A-2). 

The ground water samples will be placed in glass bottles fitted with caps 
having Teflon-faced silicon seals. The sample bottles will be one liter in 
size. Each sample bottle will be labeled with the following: 

1. Name of sampling team; 

2. Site name; 

3. Location identification; 

4. Sampling date. 

The water sample, when collected, will totally ftll the sample bottle. 
Samples will be placed in an ice chest or similar container capable of 
maintaining an even temperature whttejthe samples are transported to the 
laboratory. The packaging and shipiping procedures will be in accordance 
with the accepted stâ ndiirds for the type of analysis requested. Two sepa­
rate sample bottles oî fglround water will be collected at each monitoring 
well as the sample set, so that duplicate samples are available for QA 
analysis! if required. 

1.2 Duality Assurance 

An established program of sample chain-of-custody procedures, that is 
followed during sample collection and handling activities in both the field 
and laboratory operations, is required to assure that sample integrity is 
maintained and data generated through the analysis of the samples is appli­
cable to evaluation of the site. The sample custody program as well as the 
quality assurance procedures regarding the construction water treatment 
facility water samples will be utilized for the ground water monitoring 
samples. These procedures will be in the Quality Assurance Project Plan 
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(QAPP) for the Waukegan Harbor Site. The QAPP will be prepared during the 
design phase. 

Laboratory QA data and other supporting data will be maintained in 
accordance with the Consent Decree. 

nvironmental 
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TABLE A- . l 

FIELD SAMPLE 
DATA 
PROJECT No. 

FIELD 
ENGINEER-

PAGE OF. 

PROJECT NAME. 

FIELD DATA: 

WELL SAMPLED 

DATE 

TOP OF CASING ELEVATION 

DEPTH TO GROUND WATER FROM T.O.C., FT. 

GROUND WATER ELEVATION 

PURGE DATE-

PURGE METHOD 

START PURGE ELAPSED TIME 

(SEE WELL DEVELOPMENT LOG FOR PURGING DETAILS) 

HRS. VOLUME PURGED 

SAMPLER TYPE 

SAMPLER MATERIAL 

TUBING MATERIAL 

SAMPLE APPEARANCE. 

SAMPLE pH . 

1. SUBMERSIBLE PUMP 2. BLADDER PUMP 3. BAILER 

4. OTHER(SPECIFY) _ ^ ^ 

1. STAINLESS STEEL 2. TEFLON 3. PVC 

4. OTHER(SPECIFY) 

1. TEFLON 2. POLYETHYLENE 3. TYGON 4. SILICON 

5. OTHER(SPECIFY) • 

TEMPERATURE SPECIFIC CONDUCTANCE 

COMMENTS: 
WEATHER: _ 

OTHER: _ 



GanomeEnviromnental 
DEVELOPMENT 
LOG 
PROJECT No. 

WELL No. 

FIELD 
ENGINEER 

PAGE OF. 

PROJECT NAME DATE 

DIAMETER OF WELL (d) . INCHES 

TOTAL DEPTH OF WELL FROM T.O.C., FEET . . . . 

HEIGHT OF GROUND WATER COLUMN IN WELL (W), FEET . 

MINIMUM QUANTITY OF GROUND WATER 

TO BE PURGED (Vw, WHERE Vw = 0 .12(d) 'W) , GALLONS 

PUMPING EQUIPMENT USED 

WEATHER 

S 

I 

TIME 
PUMPING 

RATE 
(GPM) 

' 

TOTAL 
VOLUME 

(GAL) 

pH TEMP 

•c 

' . 

sPECinc 
CONDUCTANCE 

MMHOS 

NOTES 

' 
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GROUND WATER 
ELEVATION. 
MONITORING LOG 
PROJECT No. 

FIELD 
ENGINEER 

PAGE OF. 

PROJECT NAMF nATF 

WFATHFP 

MONITORING WELL 

MONITORING 
WELL No. 

' 

i 

T.O.C. 
DEPTH TO 

WATER 
(FT.) 

. 

TOP OF 
WATER 
ELEV. 

PIEZOMETER 

PIEZOMETER 
No. 

-' 

T.O.C. 
DEPTH TO 

WATER 
(FT.) 

TOP OF 
WATER 
ELEV. 

1 

* 
A 

(FT.) 

' 

• A = TOP OF WATER ELEV. (MONITORING WELL) - TOP OF WATER ELEV. (PIEZOMETER) 




